Digitale Gesundheitsinterventionen bei Hauterkrankungen:

Eine Analyse von Bedarfen, Barrieren und fordernden Faktoren aus
der Perspektive von Patienten und Fachpersonal im

Gesundheitswesen

Dissertation

zur Erlangung des akademischen Grades eines
Doktor der Philosophie (Dr. phil.)
an der

Medizinischen Fakultat der Universitat Hamburg.

vorgelegt von:
Patrick Reinders

aus

Langenfeld (Rheinland)

2025



Betreuer:in / Gutachter:in der Dissertation:  Prof. Dr. Matthias Augustin

Gutachter:in der Dissertation: PD Dr. Jan Zeidler

Vorsitz der Prufungskommission: Prof. Dr. Matthias Augustin

Mitglied der Prifungskommission: Prof. Dr. Stefan Schneider

Mitglied der Prifungskommission: PD Dr. Jan Zeidler

Datum der mundlichen Prifung: 21.01.2026



Inhaltsverzeichnis

1. Darstellung der PUDIKAtION..........oooiiiiiiiiiiiiieeieeeee e 7
140 HINTErGrUNG.....ooooi ettt esneennnennne 7
1.1.1.  Status der Dermatologischen Versorgung Heute und Morgen............ccccccceeeiiinnnee. 7
1.1.2.  Digital Health als AnSatz zur LOSUNG ........cccetiiiiiiiiiiiiiiiiiieieieieeeeeee e 9
1.1.2.1.  Definition von Digital Health ..., 9
1.1.2.2.  Positive Effekte von Digital Health auf die Gesundheitsversorgung .................... 10
1.1.2.3.  Risiken und Herausforderung von Digital Health.....................cccooviiiiiiiinnnn. 14
1.1.3.  GESEIZESIAQE ... ——— 17
1.1.4. Status der allgemeinen digitalen Versorgung in Deutschland ................................. 20
1.1.5.  Status der digitalen dermatologischen Versorgung in Deutschland ........................ 21
1.1.6.  Hinleitung zu den Forschungsfragen ............coiiiiiiiiiii e, 23
S T A 1= £ (= | 10 o T PP PPUPPR 24
1.2.  Uberblick der verwendeten Methoden................cceveveuiiuieiieiicieiciceeeeee e, 26
1.2.1.  Publikation 1: Systematische Ubersichtsarbeit .................ccccooveveeicerceeeeeeeeeeae, 26
1.2.2. Publikation 2: Fokusgruppen und qualitative Inhaltsanalyse............ccccccccooooiiieii. 27
1.2.3. Publikation 3 und 4: Cluster-AnalySen ... 28
1.2.4. Publikation 5: Umfrage Dermatologenschaft.............ooooiiiiiiiiiiiiiiiee 29

1.2.5. Publikation 6: Reprasentative Umfrage zur Anwendung von Digital Health-

Anwendungen in der BEVOIKEIUNG ........ouiiiiuiiiiiiiiiiiiei e 30
1.2.6. Publikation 7: Discrete Choice Experiment zur Teledermatologie.................c......... 31
1.3, EFQEDNISSE. ..ottt aae 36
1.3.1.  Ubersicht der verfligbaren Digital Health-Anwendungen ................cccccceevveeeurennene. 36



1.3.2.  Ergebnisse der FOKUSQrUPPEN ......covviiiiiiiieecee e 38
1.3.3.  Akzeptanzprofile der Dermatologen ............oouuiiiiiiiiiiii e 38
1.3.4. Akzeptanzprofile von dermatologischen Patienten .................ooooiiiiiiiinn, 41
1.3.5.  Nutzung und Akzeptanz von Digital Health-Anwendungen bei Dermatologen........ 43
1.3.6.  Nutzung und Akzeptanz von Digital Health-Anwendungen bei Patienten ............... 45
1.3.7. Praferenz von Patienten mit einer Psoriasis zur teledermatologischen Versorgung49
1.4, DISKUSSION ...ttt ettt ettt e ettt e e e e e s e e snnennnnnne 53
1.4.1. Evidenz und Verfugbarkeit von Digital Health-Anwendungen in der Dermatologie .53
1.4.2.  Wichtige Barrieren von Digital Health aus Perspektive der Dermatologenschaft ....54
1.4.3. Verbreitung von Digital Health-Anwendungen in der Bevdlkerung.............ccccccoc..... 55
1.4.4. Fehlende Akzeptanz und Kompetenz - Arzt oder Patient?............cooovvviivviiviiiinnnnnne. 55
1.4.5. Digital Divide durch die Digitale Dermatologie................ceeueriiiiiiiiiiiiiiiiiiiiiieeiiiiiiiees 57
1.4.6. Datenschutz und Datensicherheit................oouiiiiiiiiiiiiiiii e 58
1.4.7. Paferenzen fir Digital Health-Anwendungen .............cooooiiiiii i, 59
1.4.8. Starken und Limitationen der Arbeiten...............ooooiiiiii 59
1.4.9. Implikationen flr di€ Praxis ..........ccouuiiiiiiiiiic e 62
1.8, FAZit. s 63
2. Artikel oder Manuskript mit Letter of Acceptance.........ccoooovviiiiiii i, 64
210 PUDBBKALON 1 et 64
2.2 PUDDKALON 2 .. 65
2.3, PUDIKALON 3 ... 66
2.4. Manuskript 4 (Nicht akzeptiert; Stand 10.05.2025)..........cccooviiiiiiiiiiiicee e, 67
2.5, PUDIKALON 5 ...ttt e et e e et e e e e ne e e e e anaeaaaaa 68



2.8, PUDBIKAON B ... 69

2.7, PUDIKALON 7 ..ottt ettt 70
3. ZUSAMMENTASSUNG ...ceuuuiiiieee it e e e e et e e e e e e ettt e e e e e e e e e e aas b e e eeaaee et eeeeeeeesnreanns 71
3.1, Zusammenfassung DeULSCh ..........cooiiiiiii 71
3.2, SUMMAry ENGISCR.....coiiii e 73
4. LiteraturverzeiChnis ..........oooiiiiiiiii e 75
5. ADKUIrZUNGSVErZEICANIS. .....coo it 95
6. ADbDIlduNgSVErzZeiChNIs...........oooiii e 97
7. TabellenVerzeiChNis. ........ooooi ittt 98
8. Erklarung des Eigenanteils an den Publikationen..............ccccco 99
9. Eidesstattliche Versicherung ... 100
10, D@NKSAQUNG ...ceeiiiiiiiiiiiiiiiieit ettt s et s s e e 101



Zur besseren Lesbarkeit wird in dieser Dissertationsschrift das generische Maskulinum
verwendet. Die in dieser Arbeit verwendeten Personenbezeichnungen beziehen sich — sofern

nicht anders kenntlich gemacht — auf alle Geschlechter.



1. Darstellung der Publikation

Die vorliegende Dissertation analysiert den Status quo der Digitalisierung in der
dermatologischen Versorgung in Deutschland. Begonnen bei den tatsachlichen
Nutzungsraten von digitalen Angeboten, Uber die Verflugbarkeit, die Akzeptanz, Barrieren und
férdernde Faktoren, bis hin zu Praferenzen fir digitale Versorgungsprogramme, umfasst die

Arbeit das Thema aus verschiedenen Perspektiven.

1.1. Hintergrund

In diesem Kapitel soll zunachst ein Uberblick (ber die derzeitige und potenziell zukiinftige
dermatologische Versorgung gegeben werden. AnschlieRend folgt eine Einfuhrung in Digital
Health-Anwendungen und welche Auswirkungen die Einfihrung dieser auf die Versorgung hat
und zukiinftig haben kann. Im Weiteren folgt eine Ubersicht (iber die derzeitige Gesetzeslage
der Bundesrepublik Deutschland und die Entwicklung im nationalen Gesundheitswesen zu
diesem Themenkomplex. Zwar werden in einigen Themenfeldern internationale Vergleiche
gezogen, jedoch beschrankt sich die Analyse der Entwicklung der Digitalisierung
weitestgehend auf den Standort Deutschland. Daran anschlieRend erfolgt die Hinleitung zur

Zielstellung, um die weitere Relevanz der Fragestellungen darzulegen.

1.1.1. Status der Dermatologischen Versorgung Heute und Morgen

In diesem Kapitel soll der derzeitige und zuklnftige Status der Dermatologie dargestellt
werden. Dabei werden zunachst Kennzahlen der Versorgung dargelegt: Angefangen mit der
Versorgungsstruktur (Anzahl an Dermatologen, Anzahl an Arztkontakten) gefolgt von den
haufigsten Diagnosen und der Versorgungszufriedenheit der Patienten. Abschlielend werden
die grofiten Herausforderungen der Dermatologie, deren Auswirkungen auf die Versorgung

und potenzielle Losungsansatze analysiert.

Stand heute sind rund 6.000 Dermatologen (Facharztbezeichnung: Haut- und
Geschlechtskrankheiten) im deutschen Gesundheitswesen tatig. Davon sind 4.900 im
ambulanten Sektor und 1.100 im stationaren Sektor in Hautkliniken tatig [1]. Im ambulanten
Sektor sind 3.400 Dermatologen selbststandig niedergelassen, und 1.500 arbeiten in einem
Angestelltenverhaltnis [1]. In der gesamten Dermatologenschaft sind 27 % der Arzte tber 60
Jahre alt, und weitere 31 % sind Uber 50 Jahre alt [1]. Im ambulanten Sektor versorgt jeder
Arzt jahrlich durchschnittlich 5.200 — 5.600 Falle [2]. Ein deutlich kleinerer Anteil an Leistungen
mit haufig héherem Schweregrad wird dagegen in den 115 Hautkliniken erbracht [3]. Im Schnitt



werden jahrlich in einer Hautklinik 2.300 Falle stationar und 13.100 Falle ambulant versorgt
[4].

Pro Jahr haben ca. 30 % der Erwachsenenbevolkerung mindestens eine Konsultation bei
einem Dermatologen in Deutschland [5]. Die Hauterkrankungen mit der héchsten Pravalenz
umfassen dabei Pilzinfektionen (8,9 %), atopische Dermatitis (5,5 %) und die. Akne (5,4 %)
[6]. Chronische Erkrankungen, wie die atopische Dermatitis (Pravalenz: 5,5 %) oder Psoriasis

(Pravalenz: 3,9 %) haben einen vergleichsweise hohen Anteil an der Versorgung [6—10].

Die dermatologische Versorgung in Deutschland zeichnet sich durch hohe Zufriedenheitsraten
mit der Behandlung aus [5]. Allerdings ist die Dermatologie bereits heute von langen
Wartezeiten auf einen Termin gepragt. Die Akuitdt der Erkrankung und regionalen
Unterschiede sind wesentliche Einflussfaktoren fir die Wartezeit [11]. Bei Personen mit einer
Psoriasis hat sich zuletzt gezeigt, dass Personen ohne Inanspruchnahme eines
Versorgungsangebotes die lange Wartezeit auf einen Termin und die geringe Zeit mit dem

behandelnden Dermatologen als Griinde fir die Nicht-lnanspruchnahme angeben [12].

Die Dermatologie steht, ebenso wie die gesundheitliche Versorgung insgesamt, vor grof3en
Herausforderungen. Hierbei ist der demografische Wandel als Hauptgrund zu nennen.
Aufgrund der Binnenmigration jingerer Personen von Land zu Stadt sind die Auswirkungen in
Iandlichen Regionen starker zu verzeichnen [13]. Der demografische Wandel wirkt sich sowohl
auf das Angebot als auch die Nachfrage der Versorgung aus. Da etwa zwei Drittel der
Dermatologenschaft Uber 50 Jahre alt sind, werden diese in den nachsten Jahrzehnten aus
der Versorgung ausscheiden [1]. Gleichzeitig nimmt aufgrund des zunehmenden Alters der
Gesamtbevdlkerung die Wahrscheinlichkeit flr verschiedene Hauterkrankungen, wie
Hautkrebs und dermatologische Infektionen zu [14]. Des Weiteren ist klnftig mit einer
steigenden Zahl multimorbider und pflegebedurftiger Patienten sowie einer parallelen
Zunahme der Polypharmazie zu rechnen [15]. Auf Grundlage der beschriebenen
Verschiebung von Angebot und Nachfrage ergab eine Szenario-Analyse, dass bis zum Jahr
2035 in 11 % bis 23 % der regionalen Planungsbereiche des Gemeinsamen
Bundesausschusses (G-BA) eine Unterversorgung in der Dermatologie vorliegen wird [16].
Des Weiteren kdnnen 6 — 13 % der Regionen gar nicht dermatologisch versorgt werden [16].
Zusatzliche Daten weisen darauf hin, dass bereits heute bis zu 25 Millionen Menschen aus ca.
11 Millionen Haushalten von einer vulnerablen Versorgungslage betroffen sind. Diese umfasst
nicht nur eine Unterversorgung im Sinne des Verhaltnisses von Arzten zu Einwohnern,
sondern auch den erschwerten raumlichen Zugang zu Praxen sowie eine erhdhte
Arbeitsbelastung der Arzte [17].



Empfehlungen zur Milderung der beschriebenen Effekte umfassen die Delegation von
Leistungen an weitere medizinische Fachkrafte (z. B. Krankenpflege, medizinische
Fachangestellte) [18], die Schaffung von Anreizstrukturen — sowohl finanzieller Natur als auch
in Form familienfreundlicherer Arbeitsbedingungen, sowie eine verbesserte Koordination der

Leistungserbringer [19].

Des Weiteren wird der Digitalisierung des Gesundheitswesens ebenfalls eine wichtige Rolle
fur die Sicherstellung einer qualitativ hochwertigen Versorgung, bei zeitgleicher Entlastung des
Gesundheitspersonals, zugeschrieben [17,20-22]. Die Anwendungsmoglichkeiten der
Digitalisierung und die potenziellen Effekte auf die Versorgung werden im nachsten Kapitel

beschrieben.

1.1.2. Digital Health als Ansatz zur Lésung

In diesem Kapitel soll ein Uberblick in den Themenkomplex Digital Health geschaffen werden.
Dazu zahlen die wichtigsten Definitionen, die moglichen positiven Effekte auf die Versorgung

und die Risiken und Herausforderungen von Digital Health in der allgemeinen Versorgung.

1.1.2.1. Definition von Digital Health

Aufgrund des dynamischen Feldes der Digitalisierung existieren verschiedene Definitionen
unterschiedlicher Institutionen. Das World Health Assembly hat im Jahr 2005 eine erste

Definition des Begriffes eHealth verdéffentlicht:

,eHealth is the cost-effective and secure use of information and communications
technologies in support of health-related fields, including health-care services, health

surveillance, and health education, knowledge and research” [23].

Mit der Verbreitung mobiler Endgerate — insbesondere von Smartphones — und des mobilen
Internets pragte die World Health Organization (WHQO) im Jahr 2011 den Begriff mobile

Health (mHealth) als Teil von eHealth und definierte ihn wie folgt:

~mHealth or mobile health as medical and public health practice supported by mobile
devices, such as mobile phones, patient monitoring devices, personal digital assistants
(PDAs), and other wireless devices..” [24]

Um dem Auftreten von Big Data, kiinstlicher Intelligenz und der vermehrten Verflugbarkeit
von sogenannten Genomanalysen Rechnung zu tragen, wurden diese Aspekte neu im

Begriff Digital Health vom Executive Board der WHO zusammengefasst:



Digital Health is ,,... a broad umbrella term encompassing eHealth (which includes
mHealth), as well as emerging areas, such as the use of advanced computing sciences

in ‘big data’, genomics and artificial intelligence” [25]

Alle drei Definitionen beziehen sich vor allem auf die technischen Mdglichkeiten und deren
Anwendungsgebiete und verweisen nicht auf die sozio-kulturellen Aspekte von eHealth bzw.
Digital Health hin. Dies wird in der viel zitierten Definition von Eysenbach 2001 deutlicher

herausgearbeitet:

»€-health is an emerging field in the intersection of medical informatics, public health and
business, referring to health services and information delivered or enhanced through the
Internet and related technologies. In a broader sense, the term characterizes not only a
technical development, but also a state-of-mind, a way of thinking, an attitude, and a
commitment for networked, global thinking, to improve health care locally, regionally, and

worldwide by using information and communication technology” [26]

Somit ist nicht nur die Technologie, sondern auch deren Anwender und dessen
Einstellungen entscheidend fir eine erfolgreiche Implementierung von E-Health-

Anwendungen.

Im weiteren Verlauf dieser Arbeit wird der Begriff Digital Health im Sinne der WHO-Definition
verwendet und bezieht sich dabei ebenfalls auf die eingebrachten sozio-kulturellen Aspekte
von Eysenbach 2001 [26].

1.1.2.2. Positive Effekte von Digital Health auf die Gesundheitsversorgung

Im Anschluss an die Definitionen stellt der folgende Abschnitt dar, wie Anwendungen aus dem
Bereich Digital Health (Digital Health-Anwendungen; DHAs) die Versorgung positiv erganzen
kénnen. Dabei wird Bezug auf das Konzeptionsmodell eHealth, entwickelt von Shaw et al.
2017 (siehe Abbildung 1), verwendet und mit Beispielen aus der dermatologischen Versorgung
erlautert [27].
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Abbildung 1 “A conceptual model for eHealth” von Shaw et al. 2017 [27] lizenziert unter CC
BY 4.0

Die erste Domane Health in Our Hands umfasst hierbei den zeitlich und 6rtlich unbegrenzten
Zugang zu personlichen Gesundheitsdaten (z.B. Arztbriefe, Laborwerte) und
Gesundheitsinformationen (z.B. Patientenportale). Der Zugang zu diesen Informationen findet
beispielsweise Uber Informationswebseiten (z.B. Gesundheitsinformation.de) oder die
elektronische Patientenakte statt [27]. Daneben kénnen digitale
Patientenselbsthilfeprogramme dabei unterstitzen, psychische Begleiterkrankungen von
dermatologischen Erkrankungen zu behandeln [28]. Potenzielle Vorteile in dieser Domane
sind die Starkung der Patientenzentrierung und die aktivere Mitarbeit und Mitentscheidung

durch Patienten (Patient Empowerment) [27].

Die zweite Domane (Interacting for Health) umfasst alle Formen der Kommunikation zwischen
den an der Versorgung beteiligten Gruppen, einschlie3lich der Patienten. Zum einen sind
hierunter telemedizinische Angebote gemeint, die entweder synchron (z.B. via
Videosprechstunde oder Telefon) und asynchron (z.B. via Instant Messanger, E-Mail; sog.
Store-And-Forward Teledermatologie; S&F Teledermatologie) oder als eine Kombination aus
beiden (Hybrid) ablaufen kénnen. Zum anderen gehdren auch der Austausch in sozialen

Medien und Foren, die Erinnerung Gber Apps (z. B. zur Verbesserung der Adharenz) durch
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Push-Up-Nachrichten sowie neue Therapieformen in virtuellen Raumen zu diesen
Entwicklungen [27]. Aufgrund des visuellen Charakters der Dermatologie gibt es eine Vielzahl
an Beispielen aus dem Bereich der Teledermatologie. Dies kann zum einen die
Diagnosestellung [29], das Telekonsil zwischen Haus- und Hautarzt [30], sowie die
regelmafige Verlaufskontrolle zwischen Arzt und Patient darstellen [31]. Die Vorteile der
digitalen Kommunikation sind der orts- und zeitunabhangige (nur bei asynchroner) Charakter
der Kommunikation, welche eine effiziente Versorgung fiir Patienten und Arzte ermdglichen
kann. In den bereits beschriebenen unterversorgten Regionen (siehe Kapitel 2.1) kann die
Telemedizin helfen, den Zugang zur dermatologischen Versorgung sicherzustellen bzw. zu
verbessern [17,32]. Es gibt erste Hinweise, dass die telemedizinische und teledermatologische
Versorgung im Speziellen den Zugang zur Versorgung verbessert, zu einem effizienteren
Ressourceneinsatz beitragt (z.B. weniger Krankenhauseinweisungen) und die Qualitat der

Versorgung nicht negativ beeinflusst. [31,33-37].

Die dritte Doméane (Data Enabling Health) umfasst jegliche Datenverarbeitung inklusive der
Erhebung, Speicherung, Auswertung und Kommunikation von Gesundheitsdaten des
Patienten [27]. Hierbei spielen die elektronische Patientenakte, als auch weitere
Patientenportale eine wesentliche Rolle. In der Dermatologie gibt es vereinzelt Bestrebungen
mit Hilfe von Webportalen systematisch objektive klinische Endpunkte (z.B. Laborwerte) und
Patient Reported Outcomes (z.B. die Lebensqualitat) zu erheben, die Veranderung Uber die
Zeit zu analysieren und allen Beteiligten zur Verfigung zu stellen [38]. Mit Hilfe eines
standardisierten Datensatzes kénnte zudem sichergestellt werden, dass alle fur die
medizinische Entscheidung relevanten Daten vorliegen [39]. Neben der besseren
Verlaufskontrolle von Patienten kann die Datenerhebung auch mdgliche Behandlungsfehler
(Kontraindikation von Arzneien) anzeigen. Die erhobenen Daten kénnten der Forschung
zuganglich gemacht werden, um die Behandlung von Patientengruppen zu optimieren [27].
Ein weiterer wichtiger Aspekt dieser Domane ist die Anwendung kunstlicher Intelligenz (KI),
die in der Dermatologie zur Diagnosestellung und Verlaufskontrolle durch Bilddaten bereits
eingesetzt wird [40,41]. Des Weiteren kénnen Kl-Modelle auf Basis des Natural Language
Processing Arzte dabei unterstiitzen, Diagnose- und/oder Therapieentscheidungen zu treffen,

automatische Dokumentationen vorzunehmen und Arztbriefe zu verfassen [42].

Die drei aufgezeigten Domanen bestehen dabei nicht losgeldst voneinander, sondern sorgen
bei Interaktion fir weitere mogliche positive Effekte fir Arzte, Patienten sowie das
Gesamtgesundheitswesen. Verschiedene Versorgungsmodelle sind demnach denkbar. So
koénnte z. B. die Festlegung eines kritischen Wertes fir einen Patient Reported Outcome - etwa
im Rahmen von Data Enabling Health - eine Empfehlung zum rechtzeitigen Arztbesuch

aussprechen (Health in Our Hands). Die anschlieiende Kommunikation /nteracting for Health
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kénnte digital uber Telemedizin erfolgen, wobei die erhobenen Daten (Data Enabling Health)

in die Entscheidungsgrundlage fiir eine mogliche Therapie einflieRen.

Darlber hinaus bieten DHAs ein breites Spektrum an Einsatzmoglichkeiten in der
Dermatologie, insbesondere in Situationen, in denen die herkdmmliche medizinische
Versorgung eingeschrankt ist (siehe Abbildung 2). Ein Vorteil liegt in der Uberwindung von
Sprachbarrieren durch die Mehrsprachigkeit vieler Apps, was die Kommunikation zwischen
Patienten und Arzten erheblich erleichtert. Zudem kénnen DHAs in geografisch isolierten oder
schwer zuganglichen Gebieten, wie auf Schiffen oder in abgelegenen Regionen, eine wertvolle
Erganzung zur medizinischen Versorgung darstellen [43]. Auch fir Menschen mit haufig
wechselndem Wohnsitz, etwa Schausteller oder anderen haufigen (beruflichen)
Reisetatigkeiten bieten diese Anwendungen eine kontinuierliche Betreuung unabhangig vom
Aufenthaltsort. Auf globaler Ebene erdffnet die Telemedizin durch den Einsatz von DHAs das
Potenzial, die dermatologische Versorgung in Entwicklungslandern zu verbessern und so

einen Beitrag zur Reduktion gesundheitlicher Ungleichheiten zu leisten [44].

Sicherstellung der kontinuierlichen
Behandlung
flr Personen mit Reisetatigkeit oder
wechselndem Wohnsitz

Mehrsprachigkeit von Anwendungen
zur
Uberwindung von Sprachbarrieren

Verbesserung der medizinischen Forderung des Zugangs zu
Versorgung medizinischer Expertise
in geografisch isolierten Gebieten in lAndlichen oder unterversorgten
(z. B. auf Schiffen) Regionen

Abbildung 2 Weitere Einsatzméglichkeiten und Vorteile von DHAs in der Dermatologie (Eigene
Abbildung)

Zusammenfassend lasst sich festhalten, dass DHAs durch eine starkere Einbindung von
Patienten, einen flachendeckenden und schnellen Zugang sowie eine verbesserte
Datengrundlage fir Entscheidungen ein hohes Potenzial haben, die Versorgung effizienter
und patientenzentrierter zu gestalten. Die aufgezeigten Effekte des demografischen Wandels

(siehe Kapitel 2.1) kénnten durch die Einbindung solcher Anwendungen abgemildert werden.
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Neben den aufgezeigten Vorteilen fir die Versorgung ist es ebenso erforderlich, die mdglichen

Risiken und Herausforderungen von DHAs zu betrachten.

1.1.2.3. Risiken und Herausforderung von Digital Health

In diesem Kapitel werden die bereits bekannten Risiken und Herausforderungen der
Digitalisierung dargestellt, dabei widmen sich die Unterkapitel speziell den Themen des Digital

Divides, der Verwendung von nicht-evidenzgestitzten Anwendungen und des Datenschutzes.
Digital Divide

Der Digital Divide bezeichnet die unterschiedliche Nutzungshaufigkeit von Informations- und
Kommunikationstechnologien zwischen verschiedenen Bevolkerungsgruppen [45]. Es wird
dabei zwischen dem Digital Divide erster und zweiter Ordnung unterschieden [46]. Wahrend
ein Digital Divide erster Ordnung, lediglich den Zugang =zu Informations- und
Kommunikationstechnik (IKT) bezeichnet und Aspekte wie Hardware (Computer und
Smartphone) und Internetgeschwindigkeit umfasst, zielt der Digital Divide zweiter Ordnung auf
Kompetenzen im Umgang, Akzeptanz und Art der Nutzung gegenuber IKT ab. Der Zugang zu
IKTs (Digital Divide erster Ordnung) scheint in den letzten Jahren eine verminderte Relevanz
darzustellen — so besaflen im Jahr 2022 anndhernd 90 % der deutschen Bevdlkerung ein
Smartphone und nahezu 95 % nutzten mindestens einmal im Jahr das Internet [47]. Beinahe
alle Haushalte in Deutschland, unabhangig von der Region, hatten mindestens einen
Breitbandanschluss (96,5% aller privaten Haushalte mit = 50 Mbits) sowie Zugang zur
Mobilfunktechnologie Long Term Evolution (LTE; auch als 4G bezeichnet; 99,9% aller privaten
Haushalte) [48,49]. Eine Mindestgeschwindigkeit von 50 Mbit/s wird als technologische
Grundvoraussetzung fur die Durchfiihrung einer Videosprechstunde angesehen, wodurch eine
flachendeckende Implementierung grundsatzlich realisierbar ist [50]. Dagegen ist der Digital
Divide zweiter Ordnung wesentlich ausgepragter. Der Digital Skills Indicator 2.0, welcher von
Eurostat entwickelt wurde, zeigt deutliche Unterschiede in Bezug auf Alter, Bildung und Region
(Stadt/Land) auf [51]. Wahrend 60 % der Bevdlkerung im Alter von 16 bis 29 Jahren
mindestens befriedigende Kompetenzen aufweisen, trifft dies nur auf etwa 30 % der Kohorte
im Alter von 65 bis 74 Jahren zu. Bei in stadtischen Regionen lebenden Personen liegt der
Anteil bei 60 %, wahrend er in landlichen Regionen nur 45 % betragt. Zwischen
hochgebildeten (72 %) und niedrig gebildeten Personen (31 %) sind besonders hohe
Unterschiede festzustellen [51]. Neben allgemeinen digitalen Kompetenzen finden sich diese
Diskrepanzen ebenfalls bei der Erhebung der digitalen Gesundheitskompetenz und der

Nutzung von Gesundheits-Informationsangeboten wieder [52]. Wobei die digitale
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Gesundheitskompetenz die ,selbsteingeschétzten Schwierigkeiten beim Finden, Verstehen,

Beurteilen und Anwenden von digitalen Gesundheitsinformationen® erfasst [52].

Der Zugang zum digitalen Raum wird dabei immer haufiger als eine wichtige soziale
Determinante der Gesundheit verstanden [53]. Wichtige Aspekte des Alltags, welche alle direkt
oder indirekt eine Auswirkung auf die individuelle Gesundheit haben, bendtigen vermehrt
digitale Kompetenzen. Dazu zahlt die soziale Teilhabe, die Suche nach Jobs oder
Wohnungen, Wahrnehmung von Bildungsangeboten oder die Information und
Inanspruchnahme von behordlichen Leistungen [53]. In Bezug auf die direkte
Inanspruchnahme von Versorgungsleistungen konnten erste Auswertungen aus den USA
wahrend verhangter Ausgangssperren im Zuge der Covid-19-Pandemie zeigen, dass bereits
benachteiligte Gruppen seltener digitale Versorgungsangebote in Anspruch genommen haben
[54,55]. Eine verstarkte Integration von Digital Health in den Versorgungsalltag konnte daher
neben den aufgezeigten Vorteilen (siehe Kapitel 2.2.2) auch bereits bestehende Disparitaten
in der Versorgung verstarken. Angesichts dessen werden in der Forschung vermehrt
Rahmenkonzepte entwickelt, die den Zugang zu Digital Health-Anwendungen als wichtigen

Bestandteil einer gerechten Gesundheitsversorgung identifizieren [56].
Fehlende Validierung und Evidenz von Digital Health

Das Technologieunternehmen Meta (Mutterkonzern von Facebook) hatte lange Zeit das
Unternehmensmotto ,Move Fast and Break Things® und spielte damit auf die disruptiven
Geschaftsmodelle des Unternehmens an [57]. Auch die Idee des ,Minimum Viable Products®,
also der Entwicklung von Produkten, die zunachst eine geringe Auswahl an Funktionen haben
und Uber die Zeit kontinuierlich an die Kundenbedulrfnisse angepasst und weiterentwickelt
werden, haben ebenfalls ihren Ursprung bei Technologiekonzernen [58]. Beides widerspricht,
zumindest in grof3en Anteilen, den Vorgehensweisen im Gesundheitswesen. Hier gelten, zum
Schutze des Patienten, hohe rechtliche Huirden, wie das Arzneimittel- und
Medizinprodukterecht. Dies tragt zu den langen Zeitrdumen von der Produktidee bis zur
Marktreife eines neuen Arzneimittels oder Medizinprodukts bei [59]. Auch der Nachweis des
Nutzens durch klinische Evidenz ist bei Arzneimitteln und teilweise bei Medizinprodukten Teil
des Zulassungsprozesses und in den meisten europaischen Landern Voraussetzung fir den
Markteintritt [60—62].

Die schnelle Entwicklung von DHAs kann zunehmend in den beiden App-Stores (Google Play
und Apple AppStore) beobachtet werden. Hier umfasst die Anzahl der Digital Health-Apps
aktuell mehr als 350.000, wobei taglich etwa 250 Anwendungen hinzukommen [63].

Demgegentber steht lediglich eine geringe Anzahl von ca. 2.000 Publikationen, welche die
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Validitat, Wirksamkeit, Sicherheit und Effektivitat von Anwendungen untersucht haben [63].
Der fehlende Nachweis der Validitat und des Nutzens kann dabei zu vielfaltigem Risiko flr
Anwender fiihren, wie zum Beispiel der fehlerhaften Dokumentation des Blutdruckes via DHAs
[64]. Ebenfalls im Bereich der Dermatologie fehlen haufig Validierungen und klinische
Effektivitatsdaten. Von insgesamt 41 dermatologischen KI-Apps lagen nur bei finf mindestens
eine peer-reviewed Publikation zur klinischen Validitat vor. Zudem waren lediglich zwei dieser
Anwendungen als Medizinprodukt zugelassen [65]. Fehlinformationen und falsche
Empfehlungen kdnnen Patienten verunsichern und im schlimmsten Fall sogar negative
Auswirkungen auf den Gesundheitszustand haben [65,66]. Der fehlende Nachweis lasst sich
zum einen Teil durch geringe regulatorische Anforderungen und zum anderen Teil durch die
hohen Kosten von klinischen Studien erklaren, welche sich die haufig in der Griindungsphase

befindlichen Unternehmen nicht leisten kénnen [67,68].

Eine zusatzliche Besonderheit von DHAs besteht darin, dass diese haufig von Patienten
eigenstandig im Internet recherchiert und genutzt werden. Dabei verfiigen viele Patienten nicht
Uber die notwendige Kompetenz (siehe Kapitel 2.2.3.1), um die Qualitat der Anwendung
angemessen beurteilen zu kénnen [52,69]. Von den bereits beschriebenen 41

dermatologischen KI-Apps richteten sich 32 spezifisch an den Patienten [65].

Die hohe Anzahl der Anwendungen sorgt ebenfalls dafiir, dass es Arzten zunehmend
schwerfallt, die Qualitadt und Wirksamkeit der Anwendungen korrekt einzuschatzen [70]. Die
bis dato in vielen Fallen fehlende Evidenz sorgt auch fir Herausforderungen aufseiten der
Krankenversicherungen bzw. des Kostentragers, welche zunehmend evidenzgestitzte

Entscheidungen bezuglich der Kosteneffektivitat von MalRnahmen treffen missen [71].

Aufgrund der speziellen Herausforderung von DHAs sind in den letzten Jahren zahlreiche
nationale und internationale Evaluationsrahmen entwickelt worden [69,70,72,73]. Der
Evaluationsrahmen des National Institute for Health and Care Excellence (NICE) enthalt zum
Beispiel verschiedene Klassen, fur die unterschiedliche Anforderungen an die Evidenz
bestehen [72]. Besonders hervorzuheben ist hier ebenfalls das DIGA-Fast-Track-Verfahren
des Bundesinstituts fir Arzneimittel und Medizinprodukte (BfArM), welches digitale
Gesundheitsanwendungen (DiGAs) im Sinne der Digitalen-Gesundheitsanwendungen-
Verordnung (DiGAV) evaluiert und somit die Erstattungsfahigkeit durch die gesetzlichen
Krankenversicherungen festlegt. Ein wichtiger Baustein des Verfahrens stellt hierbei die
Sicherstellung der Anforderungen an den Datenschutz und -sicherheit dar, welche im

anschlieenden Kapitel behandelt werden [73].
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Datenschutz und Datensicherheit

Gesundheitsdaten gelten als sensibel und sind gemaly Artikel 9 Abs. 1 der
Datenschutzgrundverordnung (DSGVO) im besonderen Male schiitzenswert. Dieser Schutz
hat das Ziel, den Einzelnen vor Beeintrachtigungen seiner Persdnlichkeitsrechte und seiner
personlichen Entwicklung zu bewahren, welche durch den Umgang mit den erhobenen
personenbezogenen Daten entstehen kénnen [74]. Der Datenschutz hat das Ziel, die
verantwortungsvolle Verarbeitung personenbezogener Gesundheitsdaten zu gewahrleisten.
Dabei spielt die Datensicherheit eine entscheidende Rolle. Bei dieser wird durch technische
Maflinahmen wie Firewalls und Verschllsselung sowie organisatorische Malinahmen wie den
raumlichen Zugangsschutz sichergestellt, dass die Daten vor unbefugtem Zugriff, Manipulation
oder Zerstérung geschitzt sind und somit sicher gespeichert und verarbeitet werden kdénnen.
[75].

Mit der aufgezeigten Zunahme von vorliegenden Gesundheitsdaten aufgrund einer
zunehmenden Digitalisierung im Gesundheitswesen nehmen die Schwere und Haufigkeiten
von Missbrauchen dieser erhobenen Daten zu [75]. Die Auswirkungen von Verletzungen des
Datenschutzes bzw. der Datensicherheit fir den Einzelnen sind vielfaltig und umfassend:
Identitatsdiebstahl, Diskriminierung (z.B. am Arbeitsplatz oder durch Versicherungen),
Erpressung, das Gefilhl von Uberwachung, Vertrauensverluste in Institutionen des
Gesundheitswesens oder sogar negative medizinische Auswirkungen aufgrund von

Datenmanipulation [76-78].

Aufgrund der dargelegten Auswirkungen bestehen bei Patienten Datenschutzbedenken, die

einen signifikant negativen Einfluss auf die Akzeptanz von DHAs haben [79].

Auf Seite der Gesundheitsdienstleister hat die Umsetzung der DSGVO zu erheblichen
Zusatzkosten geflihrt, Arbeitsprozesse verandert und zu zeitlichem Mehraufwand gefihrt [80].
Angesichts dessen gibt es deutliche Anzeichen, dass Arzte kritisch gegeniiber der Einfiihrung
der DSGVO stehen [81].

Die DSGVO wird in Deutschland strenger ausgelegt, was in der Geschichte Deutschlands im
20. Jh. begrundet liegt [82]. Die strengere Auslegung wird von Experten als wichtige Hurde bei
der Digitalisierung im Gesundheitswesen gesehen [83].

1.1.3. Gesetzeslage

Nachdem in dem vorausgegangenen Kapitel ein Uberblick (iber die Definition von DHAs, ihren

potenziellen Vorteilen, Risiken und Herausforderungen ausfiihrlich dargebracht wurde, befasst
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sich dieses Kapitel mit der Gesetzeslage. Der Fokus liegt dabei auf den wichtigsten auf
Bundesebene verabschiedeten Gesetzen, die explizit zum Ziel haben oder hatten, die
Gesundheitsversorgung mit Hilfe von digitalen Lésungen zu verbessern. Die Darstellung der
Gesetzeslage ist unabdingbar, um die Forschungsergebnisse dieser Arbeit in den Kontext der

Gesamtversorgung einzuordnen.

Das erste Gesetz, das den Grundstein fir die digitale Versorgung in Deutschland legen sollte,
war das ,Gesetz zur Modernisierung der gesetzlichen Krankenversicherung“, welches zum
01.01.2004 in Kraft getreten ist. Neben zahlreichen Malnahmen aufierhalb von
Digitalisierungsaspekten, wurden bereits eine starkere elektronische Kommunikation
zwischen Leistungserbringern und dem Patienten gefordert (§ 67 Absatz 1 Sozialgesetzbuch
(SGB V)), die Finanzierung von elektronischen Gesundheitsakten ermdglicht (§ 69 SGB V),
die Einflhrung der elektronischen Gesundheitskarte (§ 291a Absatz 1 SGB V) und deren
Anwendungen (§291a Absatz 3) festgelegt. Letztere umfassen die Eignung der
Gesundheitskarte fur einen Notfalldatensatz oder die Arzneimitteldokumentation (§ 291a
Absatz 3 SGB V) [84]. Ein Jahr spater wurde mit dem Gesetz zur Organisationsstruktur der
Telematik im Gesundheitswesen die Gesellschaft flr Telematik (GEMATIK) gegriindet, welche
zur Aufgabe hatte ein Konzept und Vorgaben fir die Entwicklung einer digitalen
Telematikinfrastruktur zu schaffen (§ 291b Absatz 1 SGB V) [85].

Aufgrund des unzureichenden Fortschrittes und unklaren Zustandigkeiten innerhalb der
Selbstverwaltung des Gesundheitswesens, wurde im Jahr 2015 das ,Gesetz fur sichere
digitale Kommunikation und Anwendungen im Gesundheitswesen (auch bekannt als E-
Health-Gesetz) vom Deutschen Bundestag verabschiedet und trat noch im selben Jahr in Kraft
[86,87]. Ziel des Gesetzes war, die Telematikinfrastruktur weiter auszubauen, sodass bis zum
31.12.2018 alle Leistungserbringer (Arztpraxen und Krankenhauser) an diese angeschlossen
werden (§ 291a und § 291e SGB V). Dariber hinaus sollte der Weg fir telemedizinische
Behandlungen geebnet werden (§ 291 g SGB V), eine groRtmdgliche Interoperabilitat
sichergestellt werden (§ 291e SGB V), eine elektronische Patientenakte (§ 291a Absatz 5c
SGB V) eingefiihrt sowie weitere Anwendungen der elektronischen Gesundheitskarte, wie den
Medikationsplan (§ 31 SGB V), konzipiert und in der Versorgung etabliert werden. Fur die
Umsetzung der technischen Aspekte war die GEMATIK beauftragt (§ 291 Absatz 2b SGB V).
Die vollstandige Umsetzung des Gesetzes scheiterte allerdings erneut, da zum Ende 2018
lediglich ca. 30 % der Leistungserbringer an die Telematikinfrastruktur angeschlossen waren
[88]. Ein wesentlicher Grund hierfir ist die begrenzte Verfiigbarkeit von Konnektoren, die einen
sicheren Zugang zur Telematikinfrastruktur gewahrleisten sollen. Der erste Konnektor wurde
von der GEMATIK erst Ende 2017 offiziell zugelassen [89].
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Im Zuge der Festlegung des § 291 g SGB V (Etablierung von telemedizinischen Leistungen)
und weiterer Rahmenbedingungen fir die telemedizinische Versorgung galt die Neufassung
des ausschlielBlichen Fernbehandlungsverbotes (§ 7 Abs. 4 (Muster-)Berufsordnung fir die in
Deutschland tatigen Arztinnen und Arzte; MBO-A) in den Berufsordnungen der
Landesarztekammern als unabdingbar [90]. Diese Neufassung wurde beim 121. Deutschen
Arztetag im Jahr 2019 in Erfurt beschlossen und erlaubt eine ,ausschlieliche Beratung oder
Behandlung Uber Kommunikationsmedien im Einzelfall“. Ferner konnen Arzte
~-Kommunikationsmedien unterstiitzend einsetzen“ [91]. Die vollstandige Einfihrung der
Neufassung in die Berufsordnungen aller Landesarztekammern wurde erst 2024 mit der
Anderung durch die Landeséarztekammer Brandenburg abgeschlossen [92]. Ebenfalls im Jahr
2019 wurde das Gesetz fur mehr Sicherheit in der Arzneimittelversorgung verabschiedet,
welches die Abgabe von verschreibungspflichtigen Medikamenten nach einer Fernbehandlung
ermdglicht (§ 48 AMG Abs. 1) und Regelungen zum elektronischen Rezept von der
Selbstverwaltung eingefordert hat (§ 86 SGB V) [93,94].

Die erneute Verpflichtung zum Anschluss an die Telematikinfrastruktur, diesmal zusatzlich mit
Klirzungen der Vergltung hinterlegt, aller Leistungserbringer wurde im Digitale-
Versorgungsgesetz festgelegt, welches zum 19.12.2019 in Kraft getreten ist. Als wichtiger
Meilenstein des Gesetzes gilt die Verordnungsmaoglichkeit von DiGAs [95]. Darunter sind
digitale Medizinprodukte mit niedriger Risikoklasse zu verstehen, welche vor allem zur
,Erkennung, Uberwachung, Behandlung oder Linderung von Krankheiten* bestimmt sind und
nach Prifung durch das BfArM von einem Arzt oder Psychotherapeut verordnet werden
kénnen (§ 33a Absatz 1 SGB V) [96]. Des Weiteren wurde die elektronische Verordnung
(eRezept) (§ 86 SGB V) festgelegt und den gesetzlichen Krankenkassen Férdermittel fur
digitale Innovationen zur Verfligung gestellt (§ 68a SGB V) [96].

Im Terminservice- und Versorgungsgesetz, welches am 11.05.2019 in Kraft getreten ist, wurde
erstmals die elektronische Ubermittlung der Arbeitsunfahigkeitsbescheinigung mit Hilfe der
Telematikinfrastruktur festgelegt und gesetzliche Krankenversicherungen (GKV) verpflichtet,
ihren Patienten eine elektronische Patientenakte zur Verfligung zu stellen, welche ohne den
Einsatz der elektronischen Gesundheitskarte erfolgen kann (§ 291a SGB V) [97].

Im Gesetz zur digitalen Modernisierung von Versorgung und Pflege, welches am 09.09.2021
verabschiedet wurde, wurden digitalen Pflegeanwendungen (DiPA) als Pendant zur DiGA
eingefiihrt (§40a SGB V), die Interoperabilitat zwischen Daten aus DiGAs mit der
elektronischen Patientenakte gesetzlich sichergestellt und der G-BA mit der Beauftragung
einer Richtlinie zur telemedizinischen Arbeitsunfahigkeitsbescheinigung beauftragt (§ 88 SGB
V) [98].
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Am 22. Marz 2024 verabschiedete der Bundestag das Gesetz zur Beschleunigung der
Digitalisierung des Gesundheitswesens. Im Kern sieht es vor, flr alle gesetzlich Versicherten
eine elektronische Patientenakte (ePA) einzuflihren, wobei die Versicherten der Nutzung
widersprechen kénnen (sogenannte Opt-out-Lésung, gemaR §337 Absatz3 und § 342
Absatz 1 SGB V). Die Einfihrung der ePA erfolgte zum 15. Januar 2024 [99].

Darlber hinaus wurden weitere bedeutsame Entscheidungen getroffen, darunter die
erweiterte Integration des digitalen Medikationsplans, des eRezepts, der DIiGA — mit
Ausweitung auf Medizinprodukte der Risikoklassellbo — sowie die Lockerung von
Beschrankungen in der Telemedizin (insbesondere die Aufhebung bestehender

Mengenbegrenzungen) [99].

Am 26.03.2024 wurde das Gesetz zur verbesserten Nutzung von Gesundheitsdaten
verabschiedet worden, welches vor allem Grundsatze zur Verknipfung von Gesundheitsdaten
aus verschiedenen Datenquellen zu Forschungszwecken schaffft — so sollte ein
Forschungsdatenzentrum gegriindet werden (§ 303d SGB V). Auch wurde die Opt-out-Losung
zur Datenfreigabe von Daten aus der ePA eingefiihrt (§ 363 SGB V Absatz 1, 2 und 5) [100].

1.1.4. Status der allgemeinen digitalen Versorgung in Deutschland

Trotz der aufgezeigten zahlreichen Gesetzesinitiativen, welche ihren Startpunkt bereits im Jahr
2004 hatten, belegte Deutschland in einer Studie der Bertelsmann-Stiftung aus dem 2019 zur
digitalen Gesundheitsversorgung im Vergleich zu 17 Industrienationen lediglich Platz 16 [101].
Die Grinde daflrr lagen in der unzureichenden Marktreife digitaler Anwendungen, wie dem
eRezept oder der ePA, dem Fehlen einheitlicher technischer Standards sowie der begrenzten
tatsachlichen Nutzung der verfigbaren digitalen Angebote [101]. Estland galt im Zuge der
Studie als Vorreiter der digitalen Gesundheitsversorgung, aufgrund der hohen Nutzungsrate
der nationalen ePA und der umfassenden Integration von erhobenen Gesundheitsdaten in den

Versorgungsprozess [101].

Auf Seiten der Leistungserbringer hat es seit dem Jahr 2019 in Deutschland zwar einen
deutlich positiven Trend gegeben, nicht zuletzt aufgrund der COVID-19-Pandemie, dennoch
ist der Einsatz von digitalen Anwendungen weiterhin gering. So kommunizierten (stand 2023)
lediglich 41 % der ambulanten Arzteschaft mit ihren Kollegen und nur 7 % mit
Krankenhausern, mehrheitlich in digitaler Form. Des Weiteren boten nur 37 % der Praxen
ihren Patienten die Moglichkeit zur Videosprechstunde, lediglich jede vierte Praxis (26 %)
verordnet eine digitale Gesundheitsanwendung (DiGA), und nur 20 % nutzten die ePA [102].

Einem Grofteil der Bevdlkerung sind mittlerweile die vielen digitalen Anwendungen bekannt,
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wie dem eRezept (97 %), der elektronischen Arbeitsunfahigkeitsbescheinigung (eAU) (93 %),
der Videosprechstunde (85 %) und der ePA (95 %). Allerdings wurde Letztere im Jahr 2023

nur von einem Prozent der Personen verwendet [103].

Die Telemedizin hat in den letzten Jahren an Relevanz in der Versorgung gewonnen,
insbesondere aufgrund der durch mehrere Lockdowns in den Hochzeiten der COVID-19-
Pandemie reduzierten personlichen Arzt-Patienten-Kontakte. So bot eine zunehmende Anzahl
an Leistungserbringern (ca. 25 % im Jahr 2021 vs. 4 % im Jahr 2017) die Videosprechstunde
an [104]. Dabei gilt es jedoch zu bedenken, dass trotzdem lediglich ca. 2 % der Versicherten
eine solche Leistung bis zum Jahr 2022 in Anspruch genommen haben und diese
weitestgehend der psychotherapeutischen Versorgung zugeordnet werden kénnen [104]. Die
langfristigen Auswirkungen der Pandemie auf das Versorgungsgeschehen bleiben jedoch
abzuwarten, so sind die Anzahl der Videosprechstunden von ca. 3,5 Millionen im Jahr 2021
auf 2,2 Millionen im Jahr 2023 gesunken [105]. Bei knapp 800 Millionen Arzt-Patienten-
Kontakten pro Jahr in Deutschland ist dieser Anteil nach wie vor als gering einzuschatzen
[106].

Hurden beziehungsweise Grinde fir die unzureichende Digitalisierung werden in der Literatur
zahlreich benannt. Die Autoren der bereits zitierten Bertelsmann-Studie deuten auf die strikte
Auslegung des Datenschutzes, die fehlende Strategie auf Bundesebene und fehlende
finanzielle Anreize fiir Leistungserbringer hin [101]. Eine qualitative Expertenbefragung aus
dem Jahr 2018 hat die Interessenkonflikte innerhalb der Selbstverwaltung, fehlende finanzielle
Anreize und Mehrwerte fur Leistungserbringer sowie die fehlende Interoperabilitdt von
Software-Systemen als Hirde aufgezeigt [83]. Aus Perspektive der Leistungserbringer wurde
der Anpassungsbedarf (Zustimmung 71 %), ein unglnstiges Kosten-Nutzen-Verhaltnis der
digitalen Angebote (Zustimmung 72 %) oder die fehlende Nutzerfreundlichkeit (Zustimmung
62 %) als Hemmnisse identifiziert [102]. Auch die sogenannte Prasenzpflicht in der
vertragsarztlichen Versorgung und das damit verbundene Angebot von 25 Sprechstunden pro
Woche fir GKV-Patienten am Vertragsarztsitz (§17 Abs. 1 und 1a Bundesmantelvertrage —
Arzte) stellen Hindernisse fiir die Einflihrung der Telemedizin, als Videosprechstunde sowie
fur die zeitversetzte sog. S&F-Telemedizin dar [22,107], da sie den flexiblen Einsatz der
Technologie und Integration in den Praxisalltag erschwert und somit die Mdglichkeit der

Uberregionalen Versorgung behindert.

1.1.5. Status der digitalen dermatologischen Versorgung in Deutschland

Die digitale dermatologische Versorgung in Deutschland ist von der allgemeinen digitalen

Gesundheitsversorgung abhangig. Dennoch ist die spezifische Analyse des Status quo der
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Digitalisierung in der Dermatologie aufgrund der beschriebenen besonderen
Rahmenbedingungen (hohe Fallzahlen, viele chronische Erkrankungen und Auswirkungen
des demografischen Wandels) besonders hervorzuheben. Darliber hinaus eignen sich
bestimmte Anwendungen, wie Telemedizin oder Kl-basierte Bildanalysen, besonders gut flr

die Dermatologie, da diese Fachrichtung stark auf visuelle Diagnostik angewiesen ist.

Als eine der ersten Facharztgruppen besitzt die Dermatologie in Deutschland einen Leitfaden
zum Einsatz von telemedizinischen Anwendungen in der Routineversorgung, welcher
zusatzlich in einer S2k (konsensbasierten) Leitlinie mindete [108,109]. Innerhalb des
Leitfadens werden die  Grundlagen, @ Anwendungsbereiche, Indikationen und
Kontraindikationen sowie rechtliche Rahmenbedingungen aufgezeigt [108], wahrend in der
Leitlinie Empfehlungen zur konkreten Anwendung der Telemedizin gegeben werden [109]. Als
ein Beispiel wird innerhalb der Leitlinie die Erstdiagnostik bei Verdacht auf Psoriasis nicht
empfohlen, aber die Verlaufsdiagnostik per Videosprechstunde oder per zeitversetzter sog.
Store-And-Forward-Teledermatologie (S&F-Teledermatologie) [109]. Analog dazu wurde ein
Fortbildungsangebot zur Teledermatologie seitens der Deutschen Dermatologischen

Akademie geschaffen [110].

Trotz bestehender Leitlinie, Leitfaden und Fortbildungsangeboten ist der derzeitige Einsatz der
Telemedizin am Anteil der Gesamtversorgung gering. Zwar boten im Jahr 2020 bereits ca.
40 % der Dermatologen eine Form der teledermatologischen Versorgung (Videosprechstunde
ca. 28 % und Store-And-Forward Teledermatologie ca. 22 %) an. Dennoch wurden im Jahr
2023 lediglich ca. 16.000 Videosprechstunden von Dermatologen abgehalten [105,111]. Da
die Versorgung mit der S&F-Teledermatologie von privatwirtschaftlichen Unternehmen, wie
OnlineDoctor [112], Derma2Go [113], AppDoc [114] oder Dermanostic [115] organisiert wird,
kann der Anteil an der Versorgung lediglich geschatzt werden. Dermanostic gibt selbst an, von
2019 bis 2023 mehr als 300.000 Patienten versorgt zu haben [115], wahrend OnlineDoctor
seit Grindung im Jahr 2016 mehr als 200.000 Patienten versorgt hat [112]. Im Verhaltnis zu
ca. 5 Millionen Behandlungsfallen im Quartal ist der Anteil an der Versorgung beider Arten der

Telemedizin gering und nach wie vor im niedrigen einstelligen Bereich einzuordnen [116].

Eine Hirde bei der Versorgung mit Hilfe der S&F-Teledermatologie ist, dass diese bis dato
nicht als Regelleistung im einheitlichen Bewertungsmalstab (EBM) vorgesehen ist [117] und
daher von den Nutzern selbst gezahlt werden muss. In Einzelfallen bestehen gesonderte

Vertrage mit einzelnen GKVen zur Kostenibernahme [118].

Zum Einsatz weiterer DHAs in der Dermatologie fehlt bis dato eine systematische Ubersicht.

Eine Analyse des IQVIA Institutes kam zu dem Ergebnis, dass ca. 2% aller
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erkrankungsspezifischen Smartphone-Apps speziell fir Hauterkrankungen in den App-Stores
zur Verfigung stehen [63]. Bis dato (Stand: 30.03.2025) ist keine der 68 im DiGA-Verzeichnis
gelisteten Anwendungen fiir eine dermatologische Indikation entwickelt worden [119]. Ahnlich
zu den S&F-Telemedizin-Plattformen gibt es auch hier vereinzelnd Anbieter, wie zum Beispiel
die Nia Health App zur Anwendung bei Atopischer Dermatitis, die Vertrage zur

Kostentibernahme mit einzelnen GKVen geschlossen haben [120].

Ein weiterer Anwendungsbereich von Digital Health, der eine zunehmende Relevanz aufweist,
ist die KI. Dermatologen stehen dem Einsatz positiv gegenliber und es stehen zahlreiche
Anwendungen zur Verfigung [40,41,121,122]. Jedoch fehlen aktuelle Zahlen, welche den
derzeitigen Einsatz innerhalb der Regelversorgung, zum Beispiel beim Einsatz des
Hautkrebsscreenings, untersuchen. Stand heute gibt es keine gesonderten Abrechnungsziffer

fur dermatologische Kl-Leistungen im EBM [117].

1.1.6. Hinleitung zu den Forschungsfragen

In den vorangegangenen Kapiteln wurde der Kontext, die Vorteile und Risiken sowie die bis
dato bekannten Hurden der Digitalisierung in der Gesundheitsversorgung im Allgemeinen und
in der Dermatologie im Speziellen erldutert. Im Folgenden wird die Hinleitung zu den

untersuchten Forschungsfragen dargestellt.

Wie bereits aufgezeigt, eignen sich bestimmte Anwendungen, wie die Teledermatologie, eher
fur das Feld der Dermatologie als andere. Es herrscht derzeit jedoch Unklarheit dariber,
welche Anwendungen bereits Gegenstand von Untersuchungen in der wissenschaftlichen
Literatur waren, fir welche Indikationen und welche Anwendergruppen. Eine systematische
Ubersichtsarbeit ermdglicht, Forschungsliicken zu identifizieren und weitere systematische

Reviews zu den ermittelten Anwendungsfeldern anzustofRen.

Des Weiteren sind spezifische Barrieren und férdernde Faktoren in der digitalen Dermatologie
bisher nicht systematisch untersucht und verdéffentlicht. Die publizierte Forschung zu
unterschiedlichen Fachbereichen bzw. zur Gesamtversorgung [83,123] umfasst die
spezifischen Anforderungen der Dermatologie (z.B. chronische Erkrankungen und visuelle
Diagnostik) nur unzureichend. Diese Aspekte zunachst qualitativ und anschlieRend quantitativ
zu untersuchen, ermdéglicht diese Licke zu schlieBen. Eine qualitative Befragung mittels
Fokusgruppen stellt dabei sicher, dass relevante Aspekte der Zielgruppen (Arzte, Pflegekrafte
und Patienten) identifiziert werden und in die Fragebogenentwicklung und Dateninterpretation
einflielen [124,125].
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Aktuell gibt es eine unzureichende Datenlage bezlglich der Nutzung von digitalen
Anwendungen in der taglichen Versorgung von dermatologischen Patienten. Aufgrund der
fehlenden Forschung besteht eine unzureichende Datengrundlage fir politische und
versorgungstechnische Entscheidungen. Bis dato wurde lediglich eine Befragung
veroffentlicht, welche den Einsatz von teledermatologischen Anwendungen bei Dermatologen
untersucht [111]. Weitere Befragungen unter verschiedenen Anwendergruppen (Patienten und
Arzte), welche mit Hilfe von Regressionsanalysen und Cluster-Analysen ausgewertet werden,

kénnen Rickschlisse auf einzelne Bevdlkerungsgruppen und deren Aspekte darlegen.

Ein wichtiger Aspekt bei der Implementation von neuen Angeboten, analog sowie digital, in
der Versorgung ist die Erhebung von Praferenzen gegeniiber Angebotseigenschaften [126].
Diese werden in der vorliegenden Arbeit anhand der Teledermatologie fur die
Verlaufskontrollen von Patienten mit Psoriasis mit Hilfe von Discrete Choice Experimenten
untersucht. Zwar gibt es bereits eine Vielzahl von Praferenzforschungen zur Telemedizin oder
Teledermatologie, allerdings ist diese haufig international und nicht auf die Versorgung von
chronischen Patienten in der Dermatologie in Deutschland zugeschnitten [127—-130]. Fur die
Teledermatologie gibt es bereits ausreichend Forschung zur Effektivitat in der Versorgung
[31,131]. Die vorliegende Evidenz legt jedoch nahe, dass sich die Mehrzahl der
Teledermatologie-Anbieter gegenwartig auf die Erstdiagnose fokussiert, wahrend die

Bedeutung der Verlaufskontrolle bislang vernachlassigt wird [112—-115].

1.1.7. Zielstellung

Die vorliegende Dissertation hat zum Ziel, den Status quo der digitalen Dermatologie in
Deutschland zu beschreiben und eine Wissensgrundlage fiir Politik, Forschung, Entwickler,
aber auch Anwendergruppen (z.B. Fachpersonal im Gesundheitswesen und Patienten) zu
schaffen. Dies umfasst eine Ubersicht der verfiigbaren und in der Literatur beschriebenen
DHAs, der Identifikation von férdernden Faktoren und Barrieren aus Perspektive drei
verschiedener Stakeholdergruppen (Patienten, Pflegekréfte, Arzte), der Einstellung dieser
Stakeholdergruppen zur Digitalisierung, der Verbreitung von einzelnen DHAs, sowie der
Praferenz von Patienten zu spezifischen Charakteristika von teledermatologischen
Versorgungsangeboten. Dies flihrt zu sieben konkreten Fragestellungen, welche mit sieben

Publikationen beantwortet werden.

Publikation 1: Systematische Ubersichtsarbeit
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(1) (a) Welche Digital Health-Anwendungen wurden fir welche Anwendergruppen, mit
welchen Studien und Endpunkten in peer-reviewed Publikationen veréffentlicht und

(b) welche Trends und Forschungsliicken lassen sich daraus ableiten?
Publikation 2: Qualitative Inhaltsanalyse von Fokusgruppen

(2) (a) Welche férdernden Faktoren und Barrieren lassen sich in Bezug auf die
Verwendung von Digital Health-Anwendungen aus der Perspektive von drei
relevanten Stakeholdergruppen (Dermatologen, Pflegekraften in dermatologischen
Praxen und dermatologische Patienten) identifizieren und (b) welche Unterschiede

lassen sich zwischen den Gruppen beschreiben?

Publikation 3 und 4: Clusteranalysen von Umfrageergebnissen von Arzten und

Patienten zur Einstellung gegeniiber Digital Health-Anwendungen

(3) (a) Welche Einstellungen haben Dermatologen und dermatologische Patienten zu
Digital Health-Anwendungen und (b) Gibt es einen Zusammenhang zwischen der
Einstellung gegenuber Digital Health-Anwendungen und dem realen

Nutzungsverhalten?

Publikation 5 und 6: Verbreitung von Digital Health-Anwendungen in der Bevolkerung

und in der Versorgung

(4) (a) Wie verbreitet die Digital Health-Anwendungen bei Dermatologen und bei
dermatologischen Patienten und (b) welche Zusammenhange lassen sich zwischen
der Verwendung von Digital Health-Anwendungen und soziodemografischen

Determinanten feststellen?

Publikation 7: Praferenzen von Patienten gegeniiber der teledermatologischen
Versorgung

(5) (a) Welche Praferenzen haben Patienten mit einer Psoriasis gegenuber
teledermatologischen Anwendungen und (b) Welche Interaktionseffekte zu weiteren

Determinanten kdnnen festgestellt werden?
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1.2. Uberblick der verwendeten Methoden

1.2.1. Publikation 1: Systematische Ubersichtsarbeit

Es wurde eine systematische Literaturrecherche in MEDLINE via Pubmed und
Referenzartikeln durchgefiihrt. Die identifizierten Publikationen wurden im Anschluss anhand
definierter Aspekte, wie Art der DHA oder der Anwendergruppe (Arzt, Patient, sonstige),
kategorisiert und die Haufigkeiten der Kategorien ausgezahlt. Die Ubersichtsarbeit wurde im
Journal of the European Academy of Dermatology & Venereology (JEADV) unter dem Titel:
“Digital health interventions in dermatology - Mapping technology and study parameters of
systematically identified publications” [132] veroéffentlicht. Eingeschlossen wurden zunachst
alle Publikationen, welche eine DHA in der Dermatologie untersucht haben. Bei Studien zu
Anwendungen, die auf Methoden der Kl beruhen, wurden nur solche eingeschlossen, die
entweder einen Algorithmus zur Standardversorgung verglichen, den Algorithmus in einer
prospektiven Studie untersucht oder eine marktverfligbare Anwendung analysiert haben. Dies
wurde vorgenommen, um Arbeiten auszuschlieBen, die sich auf die theoretische
mathematische Entwicklung von KI-Anwendungen in der Dermatologie konzentrieren [133].
Des Weiteren wurden lediglich Publikationen mit quantitativen Methoden, Originalarbeiten,
Arbeiten in Deutsch oder Englisch sowie Publikationen, welche zwischen 2010 und 2022
veroffentlicht wurden, eingeschlossen. Das Titel- und Abstract- sowie Volltextscreening wurde
mit mindestens zwei Forschern durchgefiihrt. Bei Nichtlibereinstimmung wurde die jeweilige
Publikation diskutiert und zusammen dber Ein- bzw. Ausschluss diskutiert. Fir die
standardisierte Datenextraktion wurde auf eine Extraktionstabelle aus einem vorherigen
systematischen Review zum Thema Teledermatologie zuriickgegriffen und diese fir die
vorliegende Arbeit angepasst [34]. Neben typischen Studienparametern (inkl. Studiendesign,
Anzahl Patienten/Falle, Jahr der Publikation) wurde die Art der DHA weitestgehend mit der
von der WHO entwickelten classification of digital health interventions [134] kodiert. Diese
wurde nach einer ersten Inspektion der eingeschlossenen Publikationen angepasst, um die
Studien spezifischer kategorisieren zu kdénnen. So wurde zum Beispiel der Bereich Ki
unterschieden in Kl zur Analyse von Bildern und Kl zur Datenanalyse zur individuellen
Risikoeinschatzung aufgrund anderer Datenquellen. Zusatzlich wurde das Ziel der Anwendung
(inkl. Diagnosestellung, Verlaufskontrolle, Pravention, Therapieunterstiitzung oder Edukation),
die betrachtete Hauterkrankung, die Zielgruppe und die Ziele der Publikation (inkl.
Wirksamkeit/Effektivitat, Effizienz, diagnostische Leistung usw.) extrahiert. Eine Ubersicht aller
eingeschlossenen Studien kann dem Anhang der Publikation entnommen werden [132]. Die

extrahierten Daten wurden deskriptiv ausgewertet und es wurden Kreuztabellen gebildet, zum

26



Beispiel zwischen der Art der DHA und dem Studiendesign. Diese wurden grafisch mit Hilfe

von Blasendiagrammen dargestellt.

1.2.2. Publikation 2: Fokusgruppen und qualitative Inhaltsanalyse

Um die Einstellungen, Barrieren und férdernden Faktoren gegeniber DHAs in der
Dermatologie bei verschiedenen Anwendergruppen zu erkunden, wurden Fokusgruppen mit
Dermatologen, dermatologischen Patienten und Pflegekraften (medizinische Fachangestellte
sowie Gesundheits- und Krankenpfleger) durchgefiihrt und ausgewertet. Das Ergebnis wurde
mit dem Titel ,Exploring Acceptability, Barriers, and Facilitators for Digital Health in
Dermatology: Qualitative Focus Groups with Dermatologists, Nurses, and Patients” im Journal
of Medical Internet Research Dermatology (JMIR Dermatology) verodffentlicht [135].
Fokusgruppen sind eine Forschungsmethode der qualitativen Forschung, welche moderierte
Diskussionen in Kleingruppen umfasst und aufgrund der Interaktion zwischen Teilnehmern
eine tiefgrindige Erforschung von Perspektiven und Meinungen sowie geteilten Erfahrungen
zu einem Thema ermdglicht [124]. Fir die strukturierte Durchfiihrung der Fokusgruppen wurde
ein semistrukturierter Interviewleitfaden entwickelt. Dieser gliederte sich in drei Teile: 1)
Fragen zum aktuellen Status der dermatologischen Versorgung und zu Problemen damit; 2)
Vorstellung und Diskussion von funf DHAs, die Uberwiegend auf den in der systematischen
Literaturtbersicht identifizierten DHAs basierten. Die Teilnehmer wurden gebeten, zu
erlautern, ob sie sich vorstellen konnten, diese Anwendungen zu nutzen, und was sie
moglicherweise davon abhalten wirde; 3) Zudem wurden die Teilnehmer spezifisch zu den
Themen Datensicherheit und -schutz, Evidenz zu Anwendungen und dem Einfluss auf die
Patienten-Arzt-Beziehung befragt. Der Leitfaden wurde an die drei Anwendergruppen

angepasst, behielt jedoch in jedem Fall die angegebene Grundstruktur bei.

Bei allen drei Anwendergruppen wurde ein purposeful sampling anhand demografischer
Aspekte durchgefiihrt, sodass Stichproben mit hoher Varianz an Personen eingeschlossen
wurden. Bei Dermatologen und Pflegekraften wurde eine Variation anhand von Altersklassen
(< 39 Jahre, 40—49 Jahre, 50 Jahre und alter), Geschlecht (mannlich/weiblich) sowie Geografie
(Ost, West, Nord, Sid und Stadt/Land) als Auswahlkriterium bertcksichtigt. Bei Patienten
wurde zusatzlich darauf geachtet, dass unterschiedliche Erkrankungen eingeschlossen
wurden. Insgesamt wurden 30 Dermatologen, 30 Pflegekraften, sowie 34 dermatologische

Patienten in insgesamt 18 Fokusgruppen (sechs Gruppen je Anwendergruppe) befragt.

Die Fokusgruppen wurden aufgrund der COVID-19-Pandemie und der unterschiedlichen

regionalen Herkunft der Personen online durchgefiihrt. Um dabei einen inhaltsreichen
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Austausch sicherzustellen, wurde den STEER Empfehlungen (Stability of Group Number,

Technology, Environment, Evaluation und Recruitment) gefolgt [136].

Die Transkripte der Fokusgruppen wurden qualitativ inhaltlich nach Elo und Kyngas (2008)
ausgewertet [125]. Die Analyse erfolgte induktiv-deduktiv — dabei wurden die Hauptkonstrukte
des Unified Theory of Acceptance and Use of Technology (UTAUT) deduktiv als Ubergreifende
Konstrukte verwendet [137]. Das UTAUT-Model zielt darauf ab, die Akzeptanz und
Verwendung von neuen Technologien zu erklaren und besitzt vier Hauptkonstrukte:
Performance Expectancy, Effort Expectancy, Facilitating Conditions and Social Influence. Das
Model wird haufig in der quantitativen Erhebung der Akzeptanz von Digital Health-
Anwendungen angewendet [138]. Zudem wird das Model vermehrt in der qualitativen
Forschung als deduktives Konstrukt angewendet [139]. Die Haupt- und Unterkategorien
wurden induktiv zunachst auf Ebene der funf DHAs und Themengebiete (z.B. Evidenz,
Datenschutz) gesammelt, in einem weiteren Schritt wurden Ubergeordnete Haupt- und
Subkategorien abstrahiert und im Anschluss den UTAUT-Konstrukten zugeordnet.
AnschlieRend wurden die Kategorien je Anwendergruppe abgeglichen und gegenubergestelit.
Die Erstellung der Haupt- und Subkategorien, sowie die Zuordnung dieser wurde von Patrick
Reinders durchgeflihrt und in mehreren Treffen mit den Koautoren (Marina Otten und

Anastasia Fleyder) offen diskutiert.

1.2.3. Publikation 3 und 4: Cluster-Analysen

Eine Umfrage unter Patienten und Arzten wurde durchgefiihrt, um die Einstellungen von
Dermatologen und dermatologischen Patienten zu Digital Health-Anwendungen festzustellen
sowie ob es einen Zusammenhang zwischen der Einstellung und deren tatsachlicher

Anwendung gibt.

Die Fragebogen fiir beide Zielgruppen, Patienten und Arzte, basieren auf den Ergebnissen der
Fokusgruppen und wurden mit Literaturquellen zum Thema abgeglichen [140-142]. Es wurde
zum Beispiel der eHeals-Fragebogen (eHealth Literacy Scale), der die Kompetenzen von
Patienten im Bereich eHealth erhebt, fur die Fragebogenentwicklung fir Patienten
hinzugezogen [141]. Insgesamt wurden 27 Items fur Patienten und 31 Items fur die
teilnehmenden Dermatologen entwickelt bzw. aus der Literatur Gbernommen. Jedes Item war
ein Statement zum Themenbereich der Akzeptanz — beispielsweise ,Ich kdnnte mir vorstellen
vermehrt digitale Anwendungen fur die Versorgung zu nutzen.“- Die Zustimmung zu jedem
Item wurde jeweils auf einer Likert Skala von 1 (Stimme gar nicht zu) bis 5 (Stimme voll und

ganz zu) von den Teilnehmenden vorgenommen.
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Neben den Iltems zur Akzeptanz wurden Fragen zur derzeitigen und zukunftigen Nutzung von
DHAs verwendet. Die derzeitige Nutzung wurde abgefragt mit ,Ja“, ,Nein“ oder ,Weil} nicht®.
Iltems zur zukiinftigen Nutzung basierten ebenfalls auf Statements, die mit derselben Likert-
Skala zugestimmt oder abgelehnt wurden. Die Auswahl der Anwendungen basierte auf der
bereits vorgestellten systematischen Ubersichtsarbeit [132]. Um die Lange des Fragebogens
fur Arzte zu reduzieren und somit die Teilnehmerquote zu erhdhen, wurden weniger
Anwendungen abgefragt. Zusatzlich wurden dagegen vier selbst entwickelte Items zur
nationalen eHealth-Strategie eingefiigt, die ebenfalls mit einer Likert-Skala zu beantworten

waren.

Um die zugrundeliegende Struktur der 27 bzw. 31 ltems zur Akzeptanz festzustellen und diese
Faktoren zu nutzen, um die Akzeptanz der Patienten naher zu beschreiben, wurde eine
explorative Faktorenanalyse (EFA) fir beide Gruppen, Patienten und Arzte, durchgefiihrt.
Hierbei wird generell empfohlen, mindestens 150 Teilnehmer einzuschlieRen [143]. Um diese
Fallzahl zu erreichen, wurde eine zuféllige Auswahl von 1.000 Dermatologen aktiv Gber die
Deutsche Dermatologische Akademie angeschrieben, da bei vorherigen Projekten eine
geringe Rucklaufquote (10 — 20 %) beobachtet wurde [142,144]. Patienten mit verschiedenen
chronischen dermatologischen Erkrankungen wurden Gber verschiedene Patientenverbande,
wie dem Deutschen Psoriasisbund (DPB e.V.) oder dem Deutschen Allergie- und Asthmabund

(DAAB) rekrutiert, um eine diverse Stichprobe zu erreichen.

Im Anschluss an die EFA wurden die identifizierten Faktoren in beiden Fallen genutzt, um eine
zweistufige Cluster-Analyse (Hierarchical and k-means Cluster) durchzufihren, mit dem Ziel,
Subgruppen, die sich aufgrund ihrer Akzeptanz unterscheiden, zu identifizieren [145]. Des
Weiteren wurden die identifizierten Cluster auf Grundlage ihrer Demografie, Geografie (z.B.
Stadt/Land) und bei Patienten zusatzlich auf Grundlage ihrer Krankheitsgeschichte naher
beschrieben und Unterschiede zwischen den Clustern identifiziert. Zudem wurde gepruft, ob
die Zuordnung zu einem Cluster eine Aussagekraft gegenuber der derzeitigen und potenziell

zukunftigen Nutzung von Digital Health-Anwendungen hat.

1.2.4. Publikation 5: Umfrage Dermatologenschaft

Mithilfe einer Umfrage unter Dermatologen wurde die Nutzungshaufigkeit von DHAs und die
Veranderung beziglich des Interesses und der Erwartungen dazu in den Jahren 2019 und
2021 ermittelt. Die Umfrage wurde unter dem Titel: Attitudes Toward and Use of eHealth
Technologies Among German Dermatologists: Repeated Cross-Sectional Survey in 2019 and
2021 im Journal of Medical Internet Research veroffentlicht [142]. Der Unterschied dieser

Umfrage im Vergleich zur zuvor beschriebenen Umfrage liegt vor allem in der Teilnehmerzahl,
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die eine hdhere Generalisierbarkeit und bessere Mdglichkeiten der statistischen Auswertung
zulasst. In beiden Erhebungszeitpunkten wurde daher lediglich ein einseitiger Fragebogen mit
insgesamt 23 Items (im Jahr 2019) bzw. 29 Items (im Jahr 2021), einschlieRlich der
demografischen Daten, verwendet. Alle Dermatologen, die der Deutschen Dermatologischen

Akademie angehéren (ca. 3.500), wurden angeschrieben.

Die statistische Auswertung verfolgte zwei Ubergeordnete Ziele: 1) Die Veranderungen in der
Nutzung von DHAs, das Interesse an diesen sowie die Erwartungen an diese zwischen den
beiden Erhebungszeitpunkten zu analysieren, und 2) Unterschiede zwischen Subgruppen zu
identifizieren, die sich durch demografische Merkmale unterscheiden (Alter [=250/<50 Jahre],
Geschlecht [mannlich/weiblich], Geografie [Stadt/Land]). Die Berechnung logistischer

Regressionen ermdglichte eine Adjustierung basierend auf demografischen Unterschieden.

1.2.5. Publikation 6: Reprasentative Umfrage zur Anwendung von Digital
Health-Anwendungen in der Bevolkerung

Mithilfe einer reprasentativen Umfrage wurde die Einsatzhaufigkeit von DHAs sowie die
Akzeptanz gegenliber DHAs untersucht. Dartber hinaus wurde analysiert, welche Faktoren —
wie etwa das Vorhandensein einer Hauterkrankung und/oder soziodemografische Merkmale
— einen Einfluss auf die Nutzung und Akzeptanz haben. Die Umfrage wurde im Journal der
Deutschen Dermatologischen Gesellschaft (JDDG) unter dem Titel: ,General and
dermatological population's use and acceptance of digital health in Germany — a representative
survey“veroffentlicht. Der Fragebogen bestand neben der Erhebung der Soziodemografie aus

vier Bereichen:

(1) Kompetenz und Einstellung zur Digitalisierung via ausgewahlten Items des deutschen
eHEALs-Fragebogens (eHealth Literacy Scale) [141], Items zu Datenschutz/-sicherheit
[146] und dem Digital Confidence Score [147].

(2) Leistungserwartung (engl.: Performance Expectancy) und Akzeptanz gegenuber
Digital Health-Anwendungen via ltems aus Fragebdgen zum UTAUT-Modell [137,140].

(3) Nutzung von Digital Health-Anwendungen basierend auf selbst entwickelten Items, die
Anwendungen umfassen, welche in der systematischen Ubersichtsarbeit identifiziert
wurden [132].

(4) Die Erhebung umfasste das Vorliegen einer Hauterkrankung in den letzten 12 Monaten
(Ja/Nein) und die Inanspruchnahme des Gesundheitssystems mittels eines selbst

entwickelten ltems.

30



Die Umfrage wurde vom FORSA Institut (Forsa Gesellschaft fir Sozialforschung und
statistische Analysen mbH) im Auftrag der Arbeitsgruppe ,Digital Health“ des Instituts flr
Versorgungsforschung in der Dermatologie (IVDP) auf der Grundlage von anerkannten
Methoden des Arbeitskreises Deutscher Markt- und Sozialforschung e.V. durchgefiihrt. Die
Umfrage wurde zunachst deskriptiv ausgewertet und in einem weiteren Schritt wurden
Unterschiede zwischen Personen ohne und mit Hauterkrankungen festgestellt. Daraufhin
wurden logistische Regressionen berechnet, um den Einfluss von verschiedenen Parametern
auf die Akzeptanz und die Nutzung von Digital Health-Anwendungen festzustellen. Die
Parameter umfassten dabei die Soziodemographie und Items der Kompetenz und Einstellung

zu digitalen Angeboten.
1.2.6. Publikation 7: Discrete Choice Experiment zur Teledermatologie

Wahrend sich alle bisherigen Umfragen dieser Dissertation auf die Akzeptanz und den
aktuellen Einsatz von DHA konzentrierten, soll diese Publikation explizit die Praferenz fiir eine
spezifische DHA (Teledermatologie) untersuchen. Die Erhebung der Akzeptanz ermdglicht
grundsatzlich, die Bereitschaft der Nutzung gegenliber Gesundheitsangeboten festzustellen.
Dies bedeutet allerdings nicht, dass Patienten diese gegenuber klassischen
Versorgungsangeboten bevorzugen. Patienten kdnnen eine hohe Akzeptanz gegenulber der
Nutzung telemedizinischer Versorgungsangebote aufweisen, praferieren jedoch die
Inanspruchnahme dermatologischer Leistungen in der ortlichen Praxis, da sie die persénliche
Interaktion schatzen. Die Praferenz gegenliber Anwendungen/Versorgungsangeboten ist
dabei stets eine Abwagung verschiedener Attribute, um eine finale Entscheidung zwischen
mehreren Angeboten zu treffen und den Nutzen zu maximieren [148]. Zur Erhebung der
Praferenz werden sogenannte Discrete Choice Experimente (DCE) verwendet. Dabei werden
den Teilnehmern mehrfach mehrere hypothetische Versorgungsangebote gegeniibergestellt,
die innerhalb von vorausgewahlten Attributen, zum Beispiel Zeitaufwand oder Nutzen,
voneinander abweichen. Aus der Gesamtzahl der Entscheidungen kann die relative
Wichtigkeit der einzelnen Attribute zueinander festgestellt werden [126]. Die Ergebnisse
kénnen dann wiederum genutzt werden, um Versorgungsangebote zu entwickeln, welche

besser mit dem Bedarf der Patienten Gbereinstimmen.

In der vorliegenden Arbeit wurde das DCE zur teledermatologischen Versorgung von
Patientinnen und Patienten mit Psoriasis durchgefihrt, weil die S2k-Leitlinie Teledermatologie
ausdricklich Empfehlungen fir den Einsatz dieser Versorgungsform bei dieser
Patientengruppe ausspricht [109]. Die Entwicklung des DCEs erfolgte dabei in mehreren
Schritten und schloss die Erkenntnisse der Vorarbeiten mit ein, im Speziellen die in der

systematischen Ubersichtsarbeit identifizieten Anwendungsfille und der Fokusgruppen
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[132,135]. Zuséatzlich wurden Interviews mit Patienten mit einer Psoriasis, Dermatologen und
zwei Digital Health-Unternehmern durchgefiihrt. Die Entwicklung erfolgte in mehreren
Schritten:

(1) Auswahl der Anwendungsszenarien: Das DCE wurde fir zwei Anwendungsszenarien
durchgefiihrt, zum einen fir die teledermatologische Verlaufskontrolle und zum anderen flr
die Nutzung bei einem akuten Schub der Psoriasis. Fir den ersten Fall liegt bereits
umfangreiche Evidenz vor, und diese wird in der S2k-Leitlinie explizit genannt [31,109]. Das
zweite Szenario wurde von den befragten Patienten und der Literatur beschrieben [29].
Dagegen wurden folgende Szenarien ausgeschlossen: Erstkonsultation (nicht empfohlen in
der S2k-Leitlinie), Zweitmeinung (als irrelevant in den Fokusgruppen identifiziert). Beide
Szenarien wurden auch ausgewahlt, da sie relevant und als realistisch von den Patienten und

Arzten in den Interviews eingestuft wurden.

(2) Auswahl der Attribute und Auspragungen dieser: In diesem Schritt wurde mit Hilfe der
Transkripte der Fokusgruppen und relevanter Literatur eine Liste relevanter Attribute mit
unterschiedlichen Auspragungen erarbeitet. Diese wurde den interviewten Personen
(Patienten, Unternehmer, Dermatologen) vorgestellt und diese wurden gebeten, jeweils eine
Auswahl von funf Attributen aus der Gesamtliste mit einer Begriindung auszuwahlen. Auf
Grundlage aller Informationen wurde eine Entscheidung flr zunachst vier Attribute getroffen
(siehe Attribute und Auspragungen der Choice SetsTabelle 2). Das Anwendungsszenario bei
einem akuten Fall wurde um ein weiteres Attribut (Wartezeit auf einen Termin) erganzt, da

dieses nur bei diesem Szenario eine Relevanz hat.

(3) Entwicklung der Choice-Sets: Basierend auf den Anwendungsszenarien, den Attributen
und deren Auspragungen wurden fir beide Anwendungsszenarien (Akut, Verlaufskontrolle)
16 Choice Sets mithilfe eines fractional factorial Designs entwickelt. [149]. Neben der Auswahl
zwischen zwei teledermatologischen Optionen hatten die Patienten die Mdglichkeit, die Vor-

Ort-Versorgung auszuwahlen (siehe Abbildung 3).
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Tabelle 1 Attribute und Auspragungen der Choice Sets zum Discrete Choice Experimente

zur Teledermatologie

Attribute Auspragung

- Videosprechstunde

e e e ] - Zeitversetzte Online-Behandlung

- bekannter Arzt, der meine Psoriasis derzeit behandelt

Behandelnder Arzt - fremder Dermatologe mit Zugriff auf meine bisherigen
medizinischen Daten

- fremder Dermatologe ohne Zugriff auf meine bisherigen

medizinischen Daten

- keine Fragen méglich

I G - begrenzte Anzahl an Fragen mdglich

- Wie Vor-Ort-Sprechstunde

- befriedigend
Wie gut der Arzt auf meine - gut
. . s
Anliegen eingeht* - sehr gut
- 4 bis 7 Tage
Wartezeit - 2bis 3 Tage

- bis zu 24 Stunden
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Schub.

Art der Versorgung

Behandelnder Arzt

Bitte treffen Sie eine Entscheidung fiir eine der drei Behandlungsoptionen bei einem akuten

Option A

Videosprechstunde mit
eRezept

bekannter die Psoriasis
behandelnder Arzt

Option B

Videosprechstunde mit
eRezept

fremder Dermatologe mit
Zugriff auf meine

Option C

medizinischen Daten
tibliche Sprechstunde vor
Ort bei meinem Arzt mit

begrenzte Anzahl an Fragen
g B eRezept und der

Riickfragen an den Arzt wie vor-Ort Sprechstunde

e Moglichkeit es
auszudrucken
Wie gut der Arzt auf
meine Anliegen befriedigend befriedigend
eingeht
Wartezeit bis zu 24h 4 bis 7 Tage
lhre Entscheidung

Abbildung 3 Beispiel eines von 16 sogenannten Choice Sets, das Teilnehmern im Anwendungsszenario

,Akut* vorgelegt wurde.

Der Fragebogen des DCEs umfasste neben der 16 Choice Sets auch Fragen zur
Soziodemografie, zur Erkrankung (z.B.: Dauer, Schweregrad [150]), zur Versorgungssituation
(z.B. behandelnder Arzt, Haufigkeit der Behandlung, Medikation) und Einstellung zur
Technologie (z.B. Generelle Akzeptanz und Datenschutz [146,151]).

Patienten wurden mit Unterstlitzung des DPB rekrutiert und zu Beginn der Erhebung einem

Anwendungsszenario (Verlaufskontrolle oder Akut) zufallig zugeordnet.

Die Erhebung des DCEs wurde mittels Conditional Logit Model ausgewertet, wie von der
International Society of Pharmacoeconomics (ISPOR) empfohlen [126]. Dabei wurde je ein
Haupteffekt Model berechnet, welches den Einfluss eines Attributes auf die Praferenz der
Patienten darstellt und je ein Interaktionseffekt Model, welches den Einfluss von
soziodemografischen sowie krankheits- bzw. versorgungsspezifischen Charakteristika auf die

Entscheidung erhebt.
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1.3. Ergebnisse

Im Folgenden wird eine Auswahl der Ergebnisse der Publikationen dargestellt. Alle Ergebnisse
kénnen den dazugehdrigen Publikationen bzw. eingereichten Manuskripten enthommen

werden.

1.3.1. Ubersicht der verfiigbaren Digital Health-Anwendungen

In der systematischen Ubersichtsarbeit wurden 404 Publikationen zu DHAs identifiziert (siehe
Abbildung 4). Von diesen haben 262 Publikationen DHAs fiir Gesundheitsberufe (inkl. Arzte,
Pflegekrafte; engl. Health Care Provider; HCP) evaluiert, 66 Publikationen adressierten
Patienten und 76 Publikationen adressierten DHAs fir Patienten und Gesundheitsberufe
(HCP) (z.B. Telemedizin-Anwendung, die Arzt und Patient verbindet). Hautkrebs war die am
haufigsten vertretene Indikation: Ungefahr ein Drittel der Publikationen (n = 148) untersuchte
DHAs fur diese Indikation, gefolgt von Wunden (n = 29) und Psoriasis (n = 29). In etwa einem
Drittel der Publikationen (n = 135) wurde eine DHA bei verschiedenen Erkrankungen bzw.
keiner spezifischen Erkrankung angewendet. Mehr als jede zweite Publikation (n = 254) zielte
auf die Diagnosestellung ab, gefolgt von der Triage (n = 107) und der Verlaufskontrolle
(n =79). Die diagnostische Performanz wurde bei 166 Publikationen, die Akzeptanz bei 92
und die Effektivitat der DHA bei 92 Publikationen untersucht. Die am haufigsten vertretene
DHA war die Store-And-Forward Konsultation zwischen Arzten (n = 144), der Kl-Bildanalyse
(n = 55) und der Store-And-Forward Konsultation zwischen Gesundheitsberufen (HCP) und
Patienten (n = 45).
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1.3.2. Ergebnisse der Fokusgruppen

Die Analyse der Fokusgruppen ergab, dass innerhalb der Patientengruppen viele Vorteile
(engl. Performance Expectancy) von Anwendungen beschrieben wurden, darunter eine
reduzierte Wartezeit und eine allgemeinere Verbesserung der Verlaufskontrolle ihrer
Erkrankung. Zudem wiesen Patienten auf die potenzielle unpersénlichere Arzt-Patienten-
Beziehung hin. Dermatologen benannten positive Effekte, wie die Standardisierung der
Versorgung. Jedoch duflerten sie zudem negative Auswirkungen, wie die Zunahme des
Arbeitspensums — durch eine héhere Fallzahl bzw. vermehrte Anfragen der Patienten sowie
durch eine schlechte Integration der DHAs in den Arbeitsalltag. Zusatzlich beschrieben
Dermatologen die Sorge vor einer, keinen Zusatznutzen bringenden, Informationsflut.
Pflegekrafte und Dermatologen wiinschten sich Anwendungen, die einfach in den Arbeitsalltag
zu integrieren sind. In Bezug auf die Aufwandserwartung (Effort Expectancy), also die
Einfachheit der Nutzung flir Anwendergruppen, benannten alle drei Gruppen potenzielle
Schwierigkeiten bei der Anwendung durch altere Patientengruppen. Die Dermatologen wiesen
auf einen moglichen Ausschluss einzelner Gruppen von digitalen Versorgungsangeboten hin.
Ein hohes Vertrauen in die Empfehlung des Arztes sahen sowohl Patienten als auch
Pflegekrafte als zentrales Element bei der Einfihrung von DHAs an (Konstrukt: Social
Influence). Beide Gruppen gaben aul’erdem an, dass die endglltige Verwendung einer DHA
entscheidend von der Akzeptanz des Arztes gegeniiber dieser abhangt. Arzte wiederum
beschrieben ihr hohes Vertrauen gegentiber Empfehlungen von Verbanden und direkten
Kollegen. Als fordernde Faktoren benannten Arzte eine ausreichende Vergiitung fir den
Einsatz von DHAs. Potenzielle Barrieren sind Aspekte wie ein hoher Aufwand der IT-
Infrastruktur, eben auch aufgrund der hohen Anforderungen an den Datenschutz, und der
Schwierigkeit, die DHAs in die bestehenden Alltagsroutinen zu integrieren. Neben den
Dermatologen nannten auch Patienten den Datenschutz als eine Barriere, welche die

Funktionalitat von DHAs reduziert.

1.3.3. Akzeptanzprofile der Dermatologen

An der Umfrage zur Akzeptanz gegeniber DHAs nahmen 170 Dermatologen teil, wobei von
diesen 155 mit vollstdndigen Datensatzen mit Hilfe der Clusteranalyse drei Clustern
zugeordnet werden konnten. Fir die drei Cluster wurde jeweils die Summenscores der mittels
EFA gebildeten vier Faktoren verwendet (siehe Abbildung 5). Basierend auf den
durchschnittlichen Summenscores jedes Clusters wurden beschreibende Clusternamen

festgelegt: (1) Rejectors mit n = 26; (2) Indecisives mit n = 69; (3) Adopters mit n = 60. Die
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Rejectors hatten eine geringe positive Erwartung an DHAs (Faktor 1), schatzten ihre digitalen
Kompetenzen (Faktor 2) als gering ein und erwarteten den Eintritt negativer Folgen der
Digitalisierung (Faktor 3). Demgegenuber stehen die Adopters, die eine hohe Erwartung
zeigen (Faktor 1), hohe Kompetenzen aufweisen (Faktor 2) und niedrige negative Effekte
erwarten (Faktor 3). Die Indecisivies liegen bei ihren Einstellungen zwischen den Rejectors
und den Adopters. Beziglich der Notwendigkeit einer ausreichenden Vergitung stimmen alle
drei Cluster Uberein (Iltem 16). Zudem zeigten alle drei Cluster Bedenken hinsichtlich der
mdglichen Zunahme des Arbeitsaufwandes (ltem 17) und einer fehlenden Kompetenz

aufseiten der Patienten (Item 21).

Die drei Cluster unterschieden sich signifikant in Bezug auf das Alter, wobei die Adopters
deutlich junger als Rejectors und Indecisives und Indecisives jiinger als Rejectors waren.
Zusatzlich wurden Assoziationen bezlglich der regionalen Verteilung festgestellt, wobei

Adopters seltener aus stadtischen Regionen kamen, im Vergleich zu Rejectors.

Die nationale eHealth-Strategie wurde von den drei Clustern unterschiedlich bewertet. Alle
Rejectors bewerteten die Strategie als unzureichend — so widersprachen 100 % dieses
Clusters der Aussage, dass die eHealth-Strategie Mehrwerte flr die Dermatologen erbracht
hatte. Auch ein grof3er Anteil (71 %) der Indecisives widersprach dieser Aussage, wahrend
zumindest ein Drittel der Adopters (36 %) einen Mehrwert durch die Strategie wahrgenommen
hat.

Es konnte ebenfalls ein Zusammenhang zwischen der Cluster-Zuordnung und der Nutzung
von DHAs aufgezeigt werden. Adopters nutzten die E-Mail-Kommunikation mit ihren Kollegen
(95 %) deutlich haufiger als Indecisives (61 %) und Rejectors (44 %) (p < 0.001). Ein

signifikanter Zusammenhang konnte bei 7 von 10 der vorgestellten DHAs festgestellt werden.

Auch bei der potenziell zuklinftigen Nutzung von DHAs konnte ein dhnlicher Zusammenhang
aufgezeigt werden. Adopters konnten sich deutlich haufiger vorstellen (82 %) ihren Patienten
ein digitales Krankheitstagebuch zu empfehlen, im Vergleich zu Indecisives (55 %) und
Rejectors (19 %) (p = 0.01). Dieser signifikante Zusammenhang konnte bei jedem der

vorgestellten DHAs festgestellt werden.
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(1) DHIs can help me to complement the existing
patient care in a meaningful way.

{2} | could imagine using more DHis for the care of
my patients.

{3] | would recommend DHIs to my patients.
(4) | could imagine discussing digitally collected
data from the patient in the consultation session.

(5) DHIs can help me make the consultation more
demand-oriented.

(Factar 1)

(8) DHIs can help me improve doctor-patient
communication.

Positive Expectancies and
Acceptability of DHIs

(7) | would trust the recommendations of my
professional association regarding DHIs.

(8] DHIs can help transfer more responsibility to
patients.

{2} I would trust the recommendations of doctors in
my immediate surroundings regarding DHls.

{10) | would be willing to pay for or invest in DHIs.

(11} 1 would find it easy to use a DHI.
[12) | have excellent skills in using digital media
(e.g. PC, smartphone, tablet).

{13} | am personally interested in the topic of digital
medicine.

Competencies
(Factor 2)

{14) | could easily integrate DHIs into my daily work
routine.

Dermatologists’ Digital

(15) | have good knowledge in digital medicine.

— o e e S wm W mm

(16) The use of DHIs is currently not adequately
reimbursed.

{17) DHIs can increase the time required for patient
Care.

{18) DHIs can quickly lead to information overload
for me.

{19) The IT effort makes me hesitant to use DHIs.

g = (20} My patients would welcome the use of DHIs.
=

g‘ % ‘% - {21) It would be easy for my patients to use a DHI.

£5§%

=

2w ER

_E; S

£5 %

& s

T R

B0 a0 100

% strongly agree/agree

0 20 40

Cluster: Rejectors {n=28)
Cluster: Indecivise [n=69)
Cluster: Adopters (n=60)

Abbildung 5 Clusterbezogene Akzeptanzprofile der befragten Dermatologen (n = 155) zu Digital

Health-Anwendungen auf Item-Ebene

Anmerkung: Jeder Punkt im Liniendiagramm gibt den Anteil der Dermatologen im jeweiligen Cluster

an, die dem jeweiligen Item zugestimmt (“Stimme voll zu*/,Stimme zu*) haben.
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1.3.4. Akzeptanzprofile von dermatologischen Patienten

Mit derselben Methodik wurden vier Faktoren durch die EFA innerhalb der Umfrage unter
Patienten identifiziert (siehe Abbildung 6). Mit den Mittelwerten dieser vier Faktoren wurden
insgesamt 315 (Patienten mit vollstdndigen Datensatzen) der insgesamt 344 Patienten vier
unterschiedliche Patientenclustern in Bezug auf ihre Einstellungen zu DHAs zugeordnet: (1)
Digital Sceptics (n = 49); (2) Cautious Adopters (n = 106); (3) Digital Enthusiasts (n = 98) und
Adopters Unsure About Impact (n= 62). Wahrend die Digital Skeptics eine geringe Akzeptanz
(Faktor 1) gegenuber DHAs aufwiesen, zeigten die drei weiteren Cluster hohe Akzeptanzraten.
Auch hatten diese drei Cluster hohe Zustimmungsraten beziglich ihrer Kompetenz im
Vergleich zu den Skeptikern (Faktor 2). Wahrend die Digital Enthusiasts und die Adopters
Unsure About Impact niedrige Unsicherheiten bei der Verwendung von DHAs aufwiesen
(Faktor 3), ist die Zustimmung zu Items innerhalb dieses Faktors bei den beiden anderen
Clustern (Digital Skeptics und Cautious Adopters) vergleichsweise hoch. Im vierten Faktor
(Positive Impact of DHIs) zeigten die Cautious Adopters dagegen deutliche hdhere
Zustimmungsraten auf, wahrend Digital Skeptics nahezu keine Zustimmung gegenuber
diesem Faktor aufzeigen. Adopters Unsure About Impact zeigten niedrige Zustimmungsraten
auf, wahrend nahezu alle Personen der Digital Enthusiasts deutliche Vorteile bei der
Verwendung von DHAs wahrnehmen. Die Mehrheit innerhalb aller Cluster gab an (siehe
Abbildung 6), dass es mdglich sein sollte, die erhobenen Daten mit dem behandelnden Arzt zu
teilen. Auch gaben die Mehrheiten in den Clustern an, dass sie in der Lage sind, verlassliche
von unverlasslichen Informationen zu unterscheiden und sie in der Lage sind, nitzliche und

zuverlassige Gesundheitsinformationen im Internet zu finden.

Digital Skeptics zeigten die geringsten Nutzungsraten uber alle DHAs hinweg auf, wahrend
Digital Enthusiasts und Adopters Unsure About Impact die hdchsten Nutzungsraten aufwiesen.
Zum Beispiel verwendeten 43 % der Digital Skeptics ein online Informations- und
Edukationsportal, wahrend dies 74 % und 72 % der Digital Enthusiasts bzw. Adopters Unsure

About Impact nutzten.

Des Weiteren konnte ein Zusammenhang zwischen den Clustern und der zukunftigen
Verwendung von DHAs festgestellt werden. So gaben lediglich bei 7 der 11 vorgestellten DHAs
max. ein Drittel der Digital Skeptics an, diese nutzen zu wollen. Bei den Digital Enthusiasts
lagen die Zustimmungsraten bei 10 der 11 DHAs bei tUber 75 %. Die DHAs mit den hdchsten
Zustimmungsraten unter allen Patienten umfassten Edukationsportale (zwischen 65 % und
98 %), Erinnerung an Termine (zwischen 57 % und 95 %) und die Videosprechstunde
(zwischen 33 % und 94 %).
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(1) Digital applications can be a useful addition to my
existing care.

(2) | could imagine using more digital applications for my

condition.
(3) | could imagine discussing digitally collected data with
the attending physician.

(4) Digital applications can save unnecessary journeys for

me as a patient.

(5} | would use digital applications regularly if they were
recommended to me.

(6) | would trust the recommendations of a patient self-
help association with regard to digital applications.

(Factor1)

(7) | would recommend digital applications to other
patients with a similar condition.

|Accepta bility of DHIs and Trust

(8) | should be able to release my collected digital data
individually to my attending physician.
(9) | would trust the recommendations of other patients
regarding digital applications.
(10) People in my immediate environment would be in
favor of me using digital applications.

BT e U i S e -

(11) it would be very easy for me to use a digital
application.

(12) | feel safe when using digital/online applications.

(13) I could easily integrate digital applications in my daily
routines.
(14) | can distinguish reliable from questionable
information on the Internet.

Competencies
(Factor 2)

(15) | have excellent skills in dealing with digital media
(e.g., PC, smartphone, tablet).

(16) | know where | can find useful health information on
the Internet.

(17) | am worried that collected data will be misused.

(18) Digital applications can make the disease too much = __~
the focus of my everyday life. | /

(19) Digital applications can make me feel insecure about
my illness.

Insecurities
(Factor 3)

(20) The Internet is something threatening for me. ¢

(21) | am afraid of making an uncorrectable mistake when 1
using digital/online applications. T

Ll ittt T T T S —

(22) Digital applications can help me to better prepare for
a consultation with my doctor.
(23) Digital applications can strengthen confidence in my
therapy.

(24) Digital applications can help me to deal more with
my illness.

(25) Digital applications can help me to strengthen my

personal responsibility in treatment.

Positive Impact of DHIs
(Factor 4)

0 20 40 60 20 100

Digital Sceptics (Cluster 1) (n = 49) % Fully Agree/Agree

Cautious Adopters (Cluster 2) (n = 106)
Digital Enthusiasts (Cluster 3) (n = 98)

Abbildung 6 Clusterbezogene Akzeptanzprofile der befragz;en dermatologischen Patientén (n=315) zu

Digital Health-Anwendungen auf ltem-Ebene
Anmerkung: Jeder Punkt im Liniendiagramm gibt den Anteil der der dermatologischen Patienten im

Jeweiligen Cluster an, die dem jeweiligen Item zugestimmt (“Stimme voll zu“/,Stimme zu*) haben.
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1.3.5. Nutzung und Akzeptanz von Digital Health-Anwendungen bei

Dermatologen

Bei der deutschlandweiten Umfrage aus dem Jahr 2019 und 2021, bei welcher jeweils ca.
3.500 aktive Dermatologen angeschrieben wurden, nahmen 585 und 792 Dermatologen teil.
Bei den Einstellungen gegenuber der digitalen Medizin konnte ein leichter Ruckgang im
Interesse (65 % vs. 58 %); Odds Ratio (OR): 0,8 95 % [0,6 — 1,0]) an dieser und im sicheren
Umgang mit dieser (51 % vs. 42 %; OR: 0,8 [0,6 — 1,0]) festgestellt werden (siehe Abbildung
7). Die Kenntnisse in digitaler Medizin blieben unverandert: In beiden Jahren gab jeweils rund
ein Drittel der Befragten an, Uber ausreichende Kenntnisse in diesem Bereich zu verfigen
(2019: 38,9 % vs. 2021: 34,4 %; OR: 0,9 [95 %-KI 0,7-1,2]). Zwischen den Jahren konnte ein
deutlicher Zuwachs in der Nutzung der Videosprechstunde, der Kommunikation in Echtzeit mit
Kollegen, dem telemedizinischen Patienten-Monitoring und der elektronischen Erinnerung an
Termine beobachtet werden. Obwohl es zum Teil deutliche relative Steigerungsraten
(Videosprechstunde: OR 3,5 [95 % CI 1,8 — 6,5]) zwischen den Jahren gab, war die absolute
Nutzung nach wie vor gering (Videosprechstunde: 8 % im Jahr 2021). Keine der vorgestellten
Anwendungen wurden von mehr als der Halfte der Dermatologen genutzt. In beiden Jahren
bemalien ca. zwei Drittel der Dermatologen der digitalen Medizin eine grof’e Bedeutung bei,
ungefahr ein Drittel sieht grofde Risiken in der Einflihrung der digitalen Medizin. Ebenfalls ist
lediglich ein Drittel der Ansicht, dass Verfahren der digitalen Medizin ihren Arbeitsalltag

erleichtern.
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In den drei Subgruppenanalysen (Stadt/Land; Weiblich/Mannlich; <50 Jahre / >50 Jahre),
welche flr das Jahr 2021 berechnet wurden, wurden weitere Unterschiede aufgedeckt.
Dermatologen, welche jlinger als 50 Jahre alt waren, zeigten ein héheres Interesse (OR 2.2
[95 % CI 1.5 — 3.2]), hoheres Wissen Uber (OR 1.8 [95 % CI 1.3 — 2.5]) und einen sicheren
Umgang mit digitalen Anwendungen (OR 1.9 [95 % CI 1.3 — 2.7]). Auch kommunizierten sie
haufiger asynchron mit Patienten und ihren Kollegen und nutzten haufiger elektronische
Terminerinnerungen flr Patienten. Sie erwarteten des Weiteren seltener Risiken im Kontext

der digitalen Medizin und nahmen haufiger Vorteile bei der Nutzung dieser wahr.

Dermatologen aus stadtischen Gebieten zeigten ein héheres Interesse, schatzten ihr Wissen
als hoher ein und beschrieben ihren Umgang mit digitalen Anwendungen als sicherer, im
Vergleich zu Personen aus landlichen Gebieten. Sie nutzten viele der Anwendungen deutlich
haufiger, darunter die zeitversetzte Kommunikation mit dem Patienten, sahen die digitale
Transformation als wichtiger an und benannten geringere Risiken im Zusammenhang mit

Anwendungen der digitalen Medizin.

Im Subgruppenvergleich zwischen weiblichen und mannlichen Dermatologen konnten wenige
Unterschiede ausgemacht werden. Weibliche Dermatologen gaben seltener ein hohes Wissen
und Sicherheit im Umgang mit der digitalen Medizin an. Dies hatte allerdings keine
Auswirkungen auf den Einsatz digitaler Anwendungen im Praxisalltag. Weibliche
Dermatologen sahen eine groRe Bedeutsamkeit der digitalen Transformation und nahmen
seltener ein groflRes Risiko im Zusammenhang mit der digitalen Medizin wahr als ihre

mannlichen Kollegen.

1.3.6. Nutzung und Akzeptanz von Digital Health-Anwendungen bei Patienten

In der reprasentativen Umfrage, die das Forsa-Institut im Auftrag der Arbeitsgruppe ,Digital
Health des IVDP durchflhrte, gaben 630 von insgesamt 2101 Befragten an, in den letzten 12
Monaten von einer Hauterkrankung betroffen gewesen zu sein. In der Gesamtpopulation
(n =2101) zeigten sich 47,5 % der Befragten aufgeschlossen gegeniiber der Nutzung einer
DHA (Akzeptanz), wahrend 36,4 % auch bei einer speziell fir Hauterkrankungen entwickelten
DHA eine entsprechende Offenheit signalisierten. In beiden Fallen hatten Personen mit einer
Hauterkrankung haufiger eine hohe Akzeptanz als Personen ohne eine Hauterkrankung
(generelles DHA: 45,5 % vs. 52,33 %; p: < 0.001; DHA fur Hauterkrankung: 34,2 % vs. 41,6 %;
p: <0.001).
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Die Gesamtpopulation wies insgesamt eine geringe Nutzungsrate verschiedener DHAs auf
(siehe Abbildung 8). Innerhalb der letzten zwdlf Monate nutzten lediglich 14,3 % der Patienten
eine Anwendung fur passives Gesundheitsmonitoring, wahrend lediglich 2,5 % auf Store-and-
Forward-Telemedizin zurlckgriffen. Insgesamt nutzten 33,5% der Teilnehmenden
mindestens eine der vorgestellten DHAs. Die meisten Anwendungen wurden haufiger von
Personen mit einer Hauterkrankung verwendet, zum Beispiel die Videokonsultation (Ohne:
3,5 %; Mit 7,5 %, p: <0.001).

In Tabelle 3 sind die adjustierten Odds Ratios (aOR) als Ausgabe der multivariaten logistischen
Regression dargestellt, jeweils fir die Gesamtpopulation und fir Personen mit einer
Hauterkrankung. Sowohl innerhalb der Gesamtpopulation als auch bei Personen mit einer
Hauterkrankung erhéht ein Alter jinger 60 Jahre, eine hohe Schulbildung, eine hohe Sicherheit
in der Nutzung von DHAs und geringe Datenschutzbedenken die Wahrscheinlichkeit fur die
Akzeptanz und Nutzung einer DHA. Darlber hinaus ist das Vorliegen einer Hauterkrankung
mit einer erhohten Akzeptanz und Nutzung eines DHAs assoziiert. Auch hatten in dieser
Population Frauen zwar eine geringere Wahrscheinlichkeit flir eine hohe Akzeptanz
gegenuber DHAs, nutzten diese aber haufiger als Manner. Bei Personen mit einer
Hauterkrankung erhdhte eine hohe Krankheitslast der Hauterkrankung die Wahrscheinlichkeit

fur eine hohe Akzeptanz und Nutzung eines DHAs.
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1.3.7. Praferenz von Patienten mit einer Psoriasis zur teledermatologischen

Versorgung

Insgesamt stimmten 378 Personen mit einer Psoriasis der Teilnahme an der Umfrage zu,
wobei 221 Personen das DCE komplett durchfiihrten. Die Haupteffektmodelle zu den
Praferenzen von Patienten mit einer Psoriasis zur Versorgung mittels der Teledermatologie in
einem akuten Szenario oder des Verlaufskontrollszenarios zeigten ahnliche Tendenzen auf
(siehe Abbildung 9).

In beiden Szenarien praferierten Patienten generell die Standardversorgung gegeniber der
Teledermatologischen. Die Art der Telemedizin (Store-And-Forward oder Videosprechstunde)
hatte in beiden Szenarien keine signifikante Auswirkung auf die Praferenz. Die Praferenz fur
teledermatologische Versorgung erhdhte sich, wenn ein bekannter Arzt die Sprechstunde
durchflhrt, die MAglichkeit Ruckfragen zu stellen vergleichbar mit der Vor-Ort-Versorgung war
und der behandelnde Arzt sehr gut auf die Anliegen des Patienten eingeht. Zusatzlich
praferierten Patienten telemedizinische Behandlungsoptionen in der akuten Versorgung, wenn

sie eine zigige Versorgung innerhalb von 24h ermdglichten.
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Das Interaktionsmodell (siehe Abbildung 10) zeigte signifikante Interaktionen der Praferenz
gegenuber der telemedizinischen Versorgung und soziodemografischen, erkrankungs- und
versorgungsspezifischen Charakteristika auf. In den beiden Haupteffektmodellen liel3en sich
ahnliche Einflisse der Attribute und Level auf die Praferenz nachweisen. Die
Interaktionsmodelle hingegen zeigten teils voneinander abweichende Effekte der untersuchten
Charakteristika in den beiden Szenarien. Wahrend ein hohes Alter die Praferenz gegenlber
der Teledermatologie im akuten Szenario erhohte, reduzierte es die Wahrscheinlichkeit der
Praferenz fur diese in der Verlaufskontrolle. Wahrend das Geschlecht im akuten Szenario
keine signifikanten Auswirkungen hatte, hatten Frauen bei der Verlaufskontrolle eine geringere
Praferenz fir die Telemedizin. Ahnliches war auch bei Personen aus landlichen Gebieten zu
beobachten: keine signifikante Auswirkung auf die Praferenz fir die Teledermatologie im

akuten Szenario und eine signifikante Negative bei der Verlaufskontrolle.

51



¢S

"usIuUIT BIA D %G6 8Ip pun jjjeisebiep wweibeiq wi uspjund jiw puis (800 :wweibeiq wi) usbunzjeyospiung :bunyiswiuy

(apyayyosuoIEIB)U| — [9POY

1607 jeuonipuo)) (878 = U) SISBLIOSH Jil usjusijed 18q a1bojojeuliapale Jap zjesulg uap inj Zuaiajeld alp jne apjayasuoinyelajul 1ap asAjeuy oL bunpiqqy

[ooL ‘g0l
[gz'1L ‘se0l
[zoL ‘9zl
[S1) ‘st0l

[zzo- ‘1607
[ve0 ‘9507

[ovo- ‘1511
4t 0- ‘617
[z11- ‘8617

[ge'L ‘zgol

[sz'1 ‘zewol
[ot0 ‘1z0-]

[ego- gz'1]
[1z'1- 6811
[6c0- €01l
[20°0- 'e9'0]

12 %S6

950
€80
790
280

960"
L0~

86°0-
<60
SGL-

6.0
[A0)

96°0-
8571~
LL0-
S€°0-

‘1009

aled dn-mojjo4

¥ z 0 ol v z 0 z -
L | | | L | 1 | J
650 pe0]  €LD o .-
lose 'syel 162 - —— ;
lozz well o081 B -
[sg'L ee0] oOv'L s —e-
log0 ‘s50-]  €00- - ——
[zeo- 6’11 060 —— P —e—
fo00 ‘0z1] 50 R -
loroest] Lo —o— =
loso 8201 wlo- - ——
[oce ‘zvel 682 e i
62000l tvzo e
log0 ‘es0]  Lbo- - -
[ivozgo] oro- - |
[sro-ze'k] szo- -
6500501 +00 -
logo- '69'L-]  bhL- -o-
lozo'sL0] 920 -a
[eoh ‘ozl z90 o
10 %S6 190D
a1ed aynoy

aied dn-moj|04 :S}08y9 uoidRIAU| a1ed 3JNoY :S)03}3 UOoIjoRIAU|

(p> 19y} (=) seousiadwon — 91
(2> 1Y) (p=) eoueldeddy - D1

(2> o) (g - 2) soueydenoy - 91

(e= “19Y) (£>) ysty Aoeaud panleoiad
Juawpwwod ABojouyoaa] f sy Aoeaud

(s1eah g — 0 oY) 42Buo) Jo sieah g
(sieah g — 0 Jjoy) sleah 7 — ¢
uonjelyje asnoexd jo yjbuan

(dnoy | xew "joy) Jebuoj Jo sinoy g
(unoy | xew ‘Jay) sinoy ¢ Xel

(unoy | “Xew ‘Joy) sinoy z Xe|

U0} NSUOD 10} JUSURSIAUL SWI} [B}O |

(sAep € 0} 0 "JoY) ¥eom auo uey} aIoA
(shep ¢ 01 0 "Joy) Yoam auo "xely
dn alel} aynoe Joj auny Buniepn

(ON "Joy) soA
Buidwes poojq tejnbay

(¢ 5 Jod) (a19n98) /£ 2 ¥OId
(2 5 1oY) (e1e19pOl) 9 — € YOId
Rusaag asessiq

(uequn Joy) |eany

(wnipajy/moT “Jey) (UBIH) uoneonp3
(ele 1od) (ojeWeS) XO8

(s1eah £o> "JoY) sieah ¢o=z aby
safysieloeleyd siydelrbowapoldos



1.4. Diskussion

In diesem Kapitel werden die wichtigsten Ergebnisse der einzelnen Publikationen,
publikationsibergreifend und im Kontext der wissenschaftlichen Literatur diskutiert und
Implikationen fir die Praxis abgeleitet. Daran anschlieRend werden die Starken und

Limitationen der einzelnen Publikationen behandelt.

1.4.1. Evidenz und Verfiigbarkeit von Digital Health-Anwendungen in der

Dermatologie

Die systematische Ubersichtsarbeit lasst erkennen, dass es zwar zahlreiche
Forschungsarbeiten zu DHAs in der Dermatologie gibt, diese sich aber schwerpunktmafig auf
die Store-And-Forward Teledermatologie und die Kl-Bilderkennung fokussieren [132]. Beide
Technologien zielen hier wiederum in einem hohen Male auf die Diagnosestellung und
Uberweisungen / Triage ab und sind vor allem fir das Gesundheitspersonal als priméare
Zielgruppe entwickelt worden [132]. Angesichts der groRen Anzahl an Apps in den beiden App-
Stores (Google Play Store und Apple App Store), die sich direkt an Patienten richten [63], ist
es aullerst wahrscheinlich, dass viele dieser Anwendungen keinen ausreichenden
wissenschaftlichen Nachweis ihrer Wirksamkeit und Validitat erbringen kénnen. Eine weitere
Ubersichtsarbeit bestatigt diese Erkenntnis und zeigt, dass fiir viele dermatologiespezifische
Apps, die auf Kl-Algorithmen basieren, keine ausreichende Evidenz vorliegt. Dies kann ein
Risiko fur die Anwender darstellen — sowohl fiur Patienten als auch fir Dermatologen
(siehe Kapitel 2.2.3.2) [65]. Die geringe Verfugbarkeit von Evidenz kann eine Erklarung fur die
geringe Nutzung seitens der Patienten [152] und Dermatologen [135] darstellen.
Wissenschaftliche Evidenz stellt eine wichtige Grundlage fir die Implementierung von
gesundheitlichen Interventionen und somit eben auch DHAs dar. Ein positiver Nachweis einer
Intervention gewinnt das Vertrauen von Arzten fir diese Anwendungen, erlaubt eine
Empfehlung durch Fachgesellschaften via wissenschaftlichen Leitlinien, wie bereits zur
Teledermatologie geschehen [109], und ermdglicht zumindest die Diskussion zur Vergltung
einer DHA [154]. Der Fund kann als Bestatigung flr die eingangs (siehe Kapitel 2.2.3.2)
aufgezeigte nicht ausreichende Evidenzlage in der digitalen Medizin werden, welche durch
hohe Kosten fir die klinische Evidenz und nicht ausreichende Regulierung in diesem Bereich
erklart werden kann [68,69].
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1.4.2. Wichtige Barrieren von Digital Health aus Perspektive der

Dermatologenschaft

Neben der fehlenden Evidenz konnten in den weiteren Publikationen viele weitere Barrieren
aufgezeigt werden. Aufseiten der Dermatologen waren hier vor allem drei Barrieren auffallig,
welche in den Fokusgruppen und der Clusteranalyse aufgezeigt wurden. Erstens die nicht
ausreichende Verglitung. Zweitens der Hinweis, dass die eHealth-Infrastruktur aus
Perspektive der Dermatologen nicht ausreichend ist und drittens, dass DHAs den

Arbeitsaufwand flur die Versorgung erhéhen kénnten [135].

Wie bereits eingangs beschrieben, ist die Vergutung fur DHAs derzeit nicht flachendeckend
gegeben [117-120]. Die Vergutung von DHAs sollte dabei von der Komplexitat der jeweiligen
Intervention und deren Auswirkungen auf den Praxisalltag abhangen und fir jede einzelne
DHA individuell entschieden werden. DHAs wie die Teledermatologie, welche zumindest in
der Theorie eine Vor-Ort-Sprechstunde ersetzen kénnen [35], missen einem anderen
Vergltungsansatz folgen, wie DHAs fir Patienten, die einen Mehraufwand fir die Praxis
erzeugen, zum Beispiel um Patienten auf die Anwendung zu schulen oder Auswertungen mit
dem Patienten zu besprechen [155]. In jedem Fall kénnen finanzielle Anreize fir die
Dermatologenschaft einen wichtigen Baustein flir die Implementation von evidenzbasierten
DHAs schaffen [101].

Die Implementierung von DHAs setzt eine leistungsfahige eHealth-Infrastruktur voraus, die
den effizienten Datenaustausch und die sichere Speicherung von Daten durch Arzte und
Patienten ermdglicht und so eine nahtlose Integration der DHAs in die IT-Infrastruktur von
Dermatologen unterstiitzt [156]. Dies ist aus Perspektive von Dermatologen nicht gegeben.
Die eHealth-Infrastruktur wurde als zu kostenintensiv, mit geringem Zusatznutzen flr die
Dermatologen und die Versorgung beschrieben. Zu ahnlichen Erkenntnissen kommen
ebenfalls andere Befragungen unter niedergelassenen Arzten [157]. Auch wird die eHealth-

Infrastruktur, vor allem im internationalen Vergleich, als nicht ausreichend beschrieben [101].

Die Sorge der Dermatologen vor einem Arbeitsmehraufwand kann aus mehreren Perspektiven
betrachtet werden und ist nicht unbegriindet. Zum einen kénnen bisherige Aufgaben aufgrund
einer unzureichenden Integration in die taglichen Ablaufe mehr Zeit in Anspruch nehmen als
gewohnt. Zum anderen kann die Menge an Aufgaben auch durch eine zusatzliche Nachfrage
steigen, die aufgrund eines verbesserten bzw. vereinfachten Zugangs zur Praxis fur Patienten
entsteht. Es gibt Anhaltspunkte, dass sowohl die eAU als auch das eRezept mit einem
Mehraufwand fiir Arzte verbunden sind, da diese Bearbeitung mehr Zeit in Anspruch nimmt

als die analogen Verfahren [158,159]. Das es zu einem Mehraufwand durch die Telemedizin
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kommen kann, da diese einen vereinfachten Zugang zur Versorgung ermdglicht, konnte

ebenfalls bereits aufgezeigt werden [160].

Des Weiteren kann sogar ein Arbeitsmehraufwand erzeugt werden, bei Anwendungen, welche
den Arbeitsalltag zunachst effizienter gestalten. Gemal} der sozialen Beschleunigungstheorie
von Hartmut Rosa sorgen technologische Beschleunigungen, zum Beispiel effizientere Arzt-
Patienten-Kontakte mit der Einfiihrung der Telemedizin, nicht fir eine Entlastung der Arzte,
sondern dazu, dass diese mehr Aufgaben (z.B. mehr Patientenkontakte) pro Zeiteinheit

ausfiihren und dies wiederum zu Stress und Zeitdruck fihren kann [35,161].

Alle genannten Aspekte tragen zur Erklarung bei, wieso ein geringer Anteil von lediglich ca.
40 % einen Vorteil der Digitalisierung fur die eigenen Praxisablaufe sieht, und wieso eine

geringe Akzeptanz gegentber digitalen Angeboten besteht [142].

1.4.3. Verbreitung von Digital Health-Anwendungen in der Bevélkerung

Aufgrund der geringen Verflugbarkeit (siehe Kapitel 2.5) scheinen viele DHAs in der
Dermatologie auch noch keinen hohen Verbreitungsgrad aufzuzeigen. Im Jahr 2021 gaben
lediglich etwa 8 % der Dermatologinnen und Dermatologen an, die Videosprechstunden haufig
oder sehr haufig zu nutzen, 7 % ein telemedizinisches Monitoring und 5 % den Online-
Austausch von Patientendaten [142]. Damit stimmen diese Werte mit den Annahmen aus
Kapitel 2.5 Uberein. Auch aus Perspektive der Bevdlkerung und der Patienten Iasst sich dies
bestatigen [152], so nutzten nur ca. 7 % des digital affinsten Clusters (Digital Enthusiasts) der
Patientenbefragung eine zeitversetzte Sprechstunde und nur 3 % eine Videosprechstunde in
den letzten 12 Monaten fir ihre Hauterkrankung. In der Allgemeinbevdlkerung — und somit
unabhangig vom dermatologischen Kontext — ist die Verbreitung von Anwendungen, die ohne
arztliche  Beteiligung  genutzt werden  kénnen, wie etwa zur passiven
Gesundheitsiberwachung, zur Diagnoseunterstiitzung oder zur aktiven
Gesundheitsuberwachung, bereits deutlich weiter fortgeschritten. Es nutzten bereits ca. 14 %
der Personen eine Anwendung zur passiven Uberwachung inres Gesundheitszustandes [152].
Die Angabe, dass 30 % der Allgemeinbevdlkerung mindestens eine DHA verwendet haben,

deckt sich mit anderer Forschungsliteratur [52].

1.4.4. Fehlende Akzeptanz und Kompetenz - Arzt oder Patient?

Ein weiterer Aspekt, welcher in den Fokusgruppen aufgedeckt und durch die anderen Arbeiten
zumindest zum Teil bestatigt wurden, ist die gegenseitige Abhangigkeit bei der Einfihrung und

Verwendung von DHAs von Arzt und Patient [135]. Beide Stakeholdergruppen (Arzt und
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Patient) berichten Uber die jeweils andere Gruppe mangelndes Interesse an DHAs. Patienten
stellten zum Beispiel dar, dass es wenig sinnhaft ist, eine Patienten-Dokumentationsapp zu
fuhren, wenn der Arzt diese Daten fir die Behandlung nicht nutzen wirde. Dermatologen
deuteten dagegen darauf hin, dass es keine nennenswerte Nachfrage nach der
Videosprechstunde geben wirde und dies ein Grund fur die Nicht-Einflhrung in der eigenen
Praxis darstellt [135].

Die Fokusgruppen deuteten darauf hin, dass Dermatologen in der Tendenz eine geringere
Akzeptanz gegenuber digitalen Anwendungen haben als dermatologische Patienten. Dieser
Eindruck lasst sich zumindest in Teilen in der Literatur und auch mit den weiteren Umfragen
wiederfinden [144].

Daneben wurde in der Cluster-Analyse deutlich, dass ein hoher Anteil der Dermatologen ihren
Patienten weder die Akzeptanz gegenuber digitalen Anwendungen noch eine ausreichende
Kompetenz derer Nutzung zutraut. Dagegen spricht, dass sich etwa 40 % der Bevdlkerung,
die in den letzten 12 Monaten an einer Hauterkrankung gelitten hat, die Verwendung einer
DHA vorstellen kénnten, was auf eine vorhandene Akzeptanz hinweist [152]. In Bezug auf die
Kompetenz kann die Wahrnehmung der Dermatologen belegt werden, so kommt die Health
Literacy Survey Germany-2 (HLS-GER 2) Studie zu dem Schluss, dass knapp 70 % der

Bundesbevdlkerung keine ausreichende digitale Gesundheitskompetenz aufweisen [52].

Man kénnte von einem Kausalitatsdilemma sprechen, nachdem Arzte keine DHAs in den
Behandlungsalltag einflhren, da Patienten diese nicht nachfragen und keine Kompetenzen
mitbringen. Diese wiederum zeigen eine geringe bis mittlere Akzeptanz und Kompetenzen auf,
da sie keine DHAs angeboten bzw. erlautert bekommen. Mehrere Ansatze kdnnten dieses
Paradox auflésen. Dermatologen kdnnen Verantwortung tbernehmen und ihren Patienten die
Verwendung von evidenzbasierten DHAs empfehlen und diesen nahebringen. Die
Fokusgruppen zeigten auf, dass Patienten den Empfehlungen ihrer Arzte vertrauen [135], ein
Befund, den auch das DCE stutzt, da Patienten eine Behandlung ihres eigenen Arztes
bevorzugen, was auf ein Vertrauensverhdltnis hindeutet. Auch gibt es Anzeichen in der
Literatur, dass die Akzeptanz und daraus resultierenden Empfehlungen seitens der
Dermatologenschaft essenziell fir die Einfihrung von DHAs sind [162,163]. Die Cluster-
Analyse hat bereits eine solche Gruppe identifiziert — die Adopters, also die digitalaffinste
Gruppe der Dermatologen —die zwar skeptisch hinsichtlich der Akzeptanz und Kompetenz von

Patienten ist, ihnen jedoch trotzdem eine DHA empfehlen wiirde.
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Viele Anwendungen, darunter die ePA oder das Patiententagebuch, entfalten ihren Mehrwert
erst durch die gemeinsame Nutzung und Interaktion zwischen Arzt und Patient (siehe Kapitel

2.2.2), was eine hohe Akzeptanz auf beiden Seiten voraussetzt [164].

1.4.5. Digital Divide durch die Digitale Dermatologie

Ein weiterer Aspekt, der mit der fehlenden digitalen Gesundheitskompetenz zusammenhangt
und sich durch nahezu alle Publikationen zieht, ist die ungleiche Nutzung, Akzeptanz und
Praferenz gegenuber DHAs in Abhangigkeit von Alter, regionalen Aspekten (Stadt/Land) und
Bildung [135,142,152].

Auf der Seite der Versorger waren es Jungere und Dermatologen mit einer Praxis in einer
stadtischen Region, welche haufiger DHAs nutzten, aufgeschlossener gegenuber der digitalen
Medizin waren und haufiger einen Zusatznutzen in diesen Angeboten sahen [142]. Ahnliche
Ergebnisse lieferte die Cluster-Analyse, welche aufzeigte, dass altere Dermatologen haufiger
in der Gruppe der Rejectors, also der Gruppe mit einer ablehnenden Haltung gegenuber der

Digitalisierung, vertreten waren.

Auf der Seite der Patienten zeigte sich ein dhnliches Bild: Junge Personen mit einem hohen
Bildungsgrad und einer hohen digitalen Kompetenz nutzten und akzeptierten die Verwendung
von DHAs mit einer héheren Wahrscheinlichkeit [152]. Gleichzeitig beschrieben sowohl
Dermatologen als auch Patienten die nicht vorhandenen Kompetenzen bei alteren Patienten
[135].

Diese Aspekte sprechen flr das Vorliegen eines, wie eingangs beschrieben (siehe Kapitel
2.2.3.1), second order Digital Divide, der sich bei zunehmenden Anwendungen von DHAs bei
nicht ausreichenden Gegenmallnahmen auch auf die Versorgung und somit auf die
Gesundheit der Patienten auswirken kann [165]. So gibt es Anzeichen, dass Arzte aufgrund
eines Implicit Tech Bias (deutsch etwa: implizite Technik-Verzerrung) gegentber einzelnen
Personengruppen (Altere Personen, Frauen und nicht Muttersprachler) seltener eine
Empfehlung flr eine DHA aussprechen und somit diesen den Zugang zu DHAs seltener
ermdglichen [165,166].

Zusammengefasst ergibt sich somit ein Paradoxon: Vor allem Personen mit bereits gutem
Zugang zur Gesundheitsversorgung und besserem Gesundheitsstatus profitieren von DHAs,
wahrend jene, die potenziell Gberproportional davon profitieren kdnnten, diese seltener nutzen
bzw. empfohlen bekommen. Daher ist ein Monitoring erforderlich, welches den Zugang zu

DHAs in verschiedenen Bevdlkerungsgruppen aufzeigt.
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Des Weiteren ist es essenziell, das Thema Digital Health Literacy als soziale Determinante
der Gesundheit anzuerkennen und MalRnahmen auf der individuellen (z.B. Férderung der
digitalen Kompetenz durch Krankenkassen [167,168]), der interpersonellen (z.B. Aufklarung
Uber digitale Angebote durch Arzte), der Gemeinde (z.B. Unterstiitzung via Bibliotheken und
Volkshochschulen) und auf der gesellschaftlichen Ebene (z.B. via Designstandards, die den
Zugang fir alle Personen erméglichen) zu entwickeln, um allen Teilen der Gesellschaft einen
gleichen Zugang zur digitalen Versorgung zu ermdglichen [165]. Dies steht im Einklang mit
dem Konzept People-Centred Health Care der WHO, das fordert, dass alle Menschen — Uber
das klinische Setting hinaus — mit Gesundheitsthemen erreicht werden missen, um ihre

Gesundheit zu férdern und zu schitzen [169].

1.4.6. Datenschutz und Datensicherheit

Der Datenschutz und die Datensicherheit wurden in den Umfragen und Fokusgruppen als ein
zentraler Punkt fir die Implementation bestatigt (siehe auch Kapitel 2.2.3.3). Wahrend Arzte
in den Fokusgruppen aufzeigten, dass der Datenschutz und die Datensicherheit die
Anforderungen an die IT und die Praxisablaufe deutlich erhéht haben [135], deuten die
Umfrage unter Patienten und der Bevolkerung darauf hin, dass Bedenken gegentber dem
Datenschutz bestehen und dieser die Akzeptanz und Nutzung von DHAs verringert [152]. Flr
die Perspektive der Dermatologen gibt es zahlreiche Belege, die aufzeigen, dass die
Einflhrung der DSGVO zu deutlichen Zusatzkosten in den niedergelassenen Praxen gefihrt
hat [80]. Der Zusammenhang zwischen Datenschutzbedenken und der Akzeptanz gegeniber
DHAs wurde ebenfalls bereits nachgewiesen [79]. Die aufgezeigten Bedenken sind dabei in

Deutschland gegeniber anderen Landern der EU deutlicher ausgepragt. [170,171].

Ein Weg, den Datenschutzbedenken der Patienten zu begegnen, ist die Evaluation von DHAs
in Bezug auf ihren Datenschutz und -sicherheit und die transparente Darstellung der
Ergebnisse. Die Feststellung des Datenschutzes und -sicherheit ist integraler Bestandteil von
nationalen und internationalen Evaluationsrahmen, wie dem DIGA-Fast-Track-Verfahren des
BfArM [73], des NICE [72] oder der American Psychologists Association (APA) [172]. Bisher
sind viele DHAs, die in den App-Store (Apple und Google Play Store) verfligbar sind nicht
ausreichend transparent beziiglich des Datenschutzes und -sicherheit [173]. Anwendungen,
welche von Dermatologen eingesetzt werden bzw. von ihnen empfohlen werden, sollten

bezlglich dieses Aspektes geprift werden, um das Vertrauen in die Verwendung zu starken.

Der Datenschutz muss als hohes Gut bewahrt werden und darf trotzdem die
Benutzerfreundlichkeit der Nutzung von DHAs nicht negativ beeintrachtigen. Als ein

Negativbeispiel gilt hier das Anmeldeverfahren zur ePA, welches den Datenschutz
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sicherstellen soll, allerdings von vielen Patienten als zu Komplex angesehen wird [156]. Dass
die Beachtung des Datenschutzes, bei gleichzeitiger hoher Akzeptanz gelingen kann, zeigen
Lander wie Estland, die bereits weit fortgeschritten in der Digitalisierung des
Gesundheitswesens sind und zudem die DSGVO beachten [174].

1.4.7. Paferenzen fiir Digital Health-Anwendungen

Die Praferenz gegeniber einer DHA wurde exemplarisch an der teledermatologischen
Versorgung von Patienten mit einer Psoriasis mittels eines Discrete Choice Experiment (DCE)
untersucht. Das DCE hat aufgezeigt, dass Patienten in der Tendenz eine Vor-Ort-Behandlung
gegenuber einer Fernbehandlung bevorzugen wirden. Bestimmte Aspekte, wie die
Behandlung durch einen bekannten Arzt, die Mdoglichkeit Rickfragen zu stellen, die
Wahrnehmung von Anliegen des Patienten und die zeitige Versorgung innerhalb von 24h,
erhohen die Praferenz gegentber der Telemedizin. Vergleichbare Praferenzen konnten auch

in der Literatur identifiziert werden [129,175].

Fragwurdig ist allerdings, ob diese Praferenzen in der Versorgung bericksichtigt werden
kénnen, da die Teledermatologie ebenfalls Ressourcen bindet, die, wie in Kapitel 2.1
beschrieben, fir die derzeitige Versorgung bereits als unzureichend beschrieben werden
kénnen. Dennoch hilft diese Art der Forschung herauszuarbeiten, unter welchen Umstanden
Patienten sich die Versorgung mithilfe von Digital-Health Anwendungen vorstellen kénnten
[148].

Da es, wie in Kapitel 4.4 aufgezeigt, der Akzeptanz der Dermatologen eine besondere
Bedeutung bei der Implementierung von DHAs zukommt, ist die Analyse der Praferenzen
seitens der Dermatologen ebenfalls von hoher Bedeutung. Anhand der Praferenzen beider
Anwendergruppen koénnen dann Versorgungsprogramme entwickelt werden, welche beide
Perspektiven berlcksichtigen und in Einklang miteinander bringen. Vor allem bei der
Teledermatologie besteht die Kritik, dass Vorteile fur den Patienten (z.B. keine Anreisekosten),
fur die Krankenversicherungen (z.B. geringere Anzahl an Folgeterminen) und aus
gesellschaftlicher Perspektive (z.B. geringere Produktivitatsverluste aufgrund Kkuirzerer
Anreisezeiten) bestehen, diese sich aber nicht zwangslaufig in einem (monetaren) Vorteil fir

Dermatologen widerspiegeln [35].

1.4.8. Stdrken und Limitationen der Arbeiten

Die Starke dieser Dissertationsarbeit liegt in der methodischen Vielfalt, welche qualitative,

quantitative Methodiken, sowie eine systematische Literaturarbeit umfasst und somit das
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Thema der Digitalisierung in der Dermatologie aus unterschiedlichen Gesichtspunkten und
Detailtiefe betrachten konnte. Dabei stehen die einzelnen Publikationen nicht fir sich, sondern
bauen systematisch aufeinander auf. Die Ergebnisse der systematischen Literaturiibersicht
haben so Eingang in die Umfragen (Publikation 3, 4 und 6) und die Fokusgruppen (Publikation
2) erhalten. Die Fokusgruppen wiederum waren ebenfalls essenzieller Bestandteil fir alle

weiteren Umfragen, inkl. des Discrete Choice Experiments.

Eine wesentliche Limitation der Gesamtarbeit ist die externe Validitat und Generalisierbarkeit
der Umfragen und Fokusgruppen (Publikation 2, 3, 4, 5 und 7), mit Ausnahme der FORSA-
Umfrage (Publikation 6), aufgrund der fehlenden Reprasentativitat der Stichprobe zur
Grundgesamtheit. Patienten wurden weitestgehend via Patientenselbsthilfegruppen rekrutiert,
welche nachweislich informierter und besser gebildet sind, als die zugrundeliegende
Gesamtpopulation [176,177]. Die angeschriebenen Dermatologen wurden zwar entweder
zufallig aus der Mitgliederdatenbank der Deutschen Dermatologischen Akademie ausgewahlt,
die nahezu die Gesamtheit der Dermatologen in Deutschland darstellt (Publikation 3), oder es
wurden alle Mitglieder angeschrieben (Publikation 5). Dennoch entsprach die Verteilung nicht
der Grundgesamtheit [142]. In beiden Fallen waren Frauen und junge Dermatologen (<35

Jahre) in den Umfragen unterreprasentiert.

In der qualitativen Fokusgruppe wurden Patienten weitestgehend am Universitatsklinikum
Hamburg-Eppendorf rekrutiert, was ggf. Aspekte aus anderen Versorgungssettings nicht
ausreichend reflektiert hat [135].

Die Teilnahme basierte zudem weitestgehend auf Freiwilligkeit der Patienten und
Dermatologen, dies kann nicht nur zu soziodemografischen Unterschieden zwischen der
Stichprobe und Grundgesamtheit filhren, sondern ebenfalls zu Unterschieden im Interesse an
einem Thema [178]. All diese Aspekte koénnen die Unterschiede zwischen der
Grundgesamtheit und der Stichprobe im DCE erklaren. In der Studie waren die Patienten mit
Psoriasis alter und wiesen einen héheren Manneranteil auf als die Vergleichsgruppe von
Patienten mit einer Psoriasis in Deutschland [179]. Auch die bevolkerungsreprasentative

Forsa-Umfrage ist mindestens von der Freiwilligenverzerrung beeinflusst [178].

Ein weiterer Aspekt ist die Verwendung von weitestgehend nicht validierten Fragebbgen bzw.
theoretischen Rahmenkonzepten, wie dem UTAUT-Modell zur Erhebung der Akzeptanz [137].
Zwar diente Letzteres als Rahmenkonzept fir die Fokusgruppen, die Umfragen jedoch
basierten nur zu Teilen auf diesem Modell, da die Erkenntnisse der Fokusgruppen
bertcksichtigt wurden. Dies mindert vor allem die Vergleichbarkeit mit anderen Arbeiten aus

diesem Bereich [137,140]. Die GrofRe der Stichproben in den beiden Cluster-Analysen und
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dem DCE hat das statistisch methodische Vorgehen eingeschrankt. Es besteht die
Empfehlung, dass infolge einer explorativen Faktorenanalyse, wie in den Cluster-Analysen

vorgenommen, eine konfirmatorische Faktorenanalyse folgen sollte [180].

Akzeptanz- und DCE-Erhebungen sind zudem vom Intention-Behavior Gap betroffen, d.h. der
Diskrepanz zwischen der Absicht, eine Anwendung in Zukunft zu nutzen, und der tatsachlichen
Nutzung/dem tatsachlichen Verhalten [181]. Somit kann die Intention in der befragten
Population, eine teledermatologische Anwendung zu nutzen, héher sein als die tatsachliche

Nutzung.

Bei der systematischen Literaturibersicht ist es wichtig zu beachten, dass weder die
Qualitat/Validitat der Studien, zum Beispiel via Risk of Bias [182], Uberpruft noch die Effektivitat
oder Validitdt der einzelnen DHAs zusammengefasst wurde. Dies muss in weiteren
systematischen Reviews zu den einzelnen DHAs vorgenommen werden, wie zum Teil auch

schon passiert [34].
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1.4.9. Implikationen fiir die Praxis

Die 10 wichtigsten Implikationen fir die zuklnftige Implementation von Digital Health-
Anwendungen:

1.

10.

Die Evaluation von Digital Health-Anwendungen férdern, wodurch DHAs
identifiziert werden kénnen, die ein positives Risiko-Nutzen Verhaltnis fir die
Versorgung aufzeigen und somit die Akzeptanz fur alle Beteiligten erhéhen, dabei
sind Anforderungen an den Datenschutz und -sicherheit essenzieller Bestandteil der
Evaluation.

Anforderungen an den Datenschutz beachten und transparent kommunizieren,
bei gleichzeitiger Sicherstellung, dass die Anwendung eine hohe
Benutzerfreundlichkeit fur alle Anwendergruppen aufweist.

Einbezug aller Anwendergruppen bei der Entwicklung —Patienten und
Versorger — um sicherzustellen, dass diese den Bedlirfnissen und Praferenzen aller
Gruppen entsprechen und allen Anwendergruppen einen umfassenden Mehrwert
bieten.

Beachtung der einfachen Integration von Digital Health-Anwendungen in den
Arbeitsalltag von Dermatologen, um eine hohe Akzeptanz in dieser wichtigen
Anwendergruppe zu fordern.

Gewaihrleistung einer angemessenen Vergiitung fiir evidenzbasierte Digital
Health- Anwendungen, welche den Mehraufwand fir Dermatologen bericksichtigt.
Anerkennung der zentralen Rolle von Dermatologen bei der Implementierung
von Digital Health-Anwendungen, da das Vertrauensverhaltnis zwischen Arzt und
Patient eine entscheidende Briicke zur Akzeptanz dieser Anwendungen fir Patienten
darstellt.

Forderung des Ausbaus der nationalen eHealth-Infrastruktur und
Sicherstellung der Interoperabilitat mit Digital Health-Anwendungen, um eine
nahtlose Integration in die Versorgung zu ermdglichen.

Forderung der digitalen Kompetenzen von Dermatologen, um den
flachendeckenden Zugang zu DHAs sicherzustellen und den Digital Divide zu
schlie3en.

Entwicklung von MaBnahmen, um dem Digital Divide bei Patienten
entgegenzuwirken, wozu die Férderung von digitalen Gesundheitskompetenzen
zahlt, als auch das Einhalten von Designstandards, welche die einfache Nutzung fir
alle Patienten sicherstellt.

RegelmiRige Uberpriifung des Digital Divides, um festzustellen, ob digitale
Gesundheitsanwendungen die Patientengruppen erreichen, die am meisten davon

profitieren kénnten.
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1.5. Fazit

Die Digitalisierung der Dermatologie in Deutschland befindet sich nach wie vor in einem friihen
Stadium. Obwohl auf internationaler Ebene bereits umfangreiche Forschungsergebnisse
vorliegen (vgl. Publikation 1), hat deren Umsetzung in die Versorgung bislang nicht
ausreichend stattgefunden (vgl. Publikation 3, 4, 5 und 6). Zahlreiche Barrieren erschweren
die Implementierung, darunter eine oft unzureichende Evidenzlage, Bedenken hinsichtlich
eines erhdhten organisatorischen Aufwands fir Leistungserbringende sowie eine begrenzte
digitale Gesundheitskompetenz bei Patienten (vgl. Publikation 1 und 2, 3, 4, 5).
Demgegenuber existieren jedoch auch fordernde Faktoren, wie das hohe Vertrauen in
behandelnde Arzte, ein hoher Anteil an Patienten und Arzten, die digitalen
Gesundheitslésungen offen gegeniberstehen, sowie die wachsende Wahrnehmung der
Vorteile digitaler Angebote (vgl. Publikation 2, 3 und 4).

Aufgrund der heterogenen Verteilung digitaler Gesundheitskompetenz in der Bevdlkerung
besteht die Gefahr eines Digital Divide, sodass der Zugang zu innovativen digitalen
Anwendungen und deren Auswirkungen auf die gesundheitliche Versorgung kontinuierlich
evaluiert werden mussen (vgl. Publikation/Manuskript 4, 5 und 6). Zusétzlich ist es erforderlich,
MaRnahmen zu entwickeln, welche diesen Effekten entgegenwirken. Dabei ist es
entscheidend, dass die Digital Health Literacy als eine wesentliche soziale Determinante der
Gesundheit Beachtung findet. Dartiber hinaus stellt der Themenkomplex Datenschutz und
Datensicherheit einen weiteren zentralen Faktor dar, der das Vertrauen und die Akzeptanz
gegenulber digitalen Angeboten mafigeblich pragt (vgl. Publikation 2, 4, 5, 6 und 7). Um die
Akzeptanz in der dermatologischen Versorgung zu erhdhen, ist daher ein ausgewogener
Umgang mit den Anforderungen an Datenschutz und Datensicherheit einerseits und der
praktischen Umsetzbarkeit andererseits essenziell. Ebenso ist eine Ausrichtung digitaler
Angebote an die Praferenzen von Nutzern von entscheidender Bedeutung, da sie die

Wahrscheinlichkeit der Inanspruchnahme erhéht (vgl. Publikation 7).

Abschlie3end lasst sich festhalten, dass eine nachhaltige Digitalisierung der dermatologischen
Versorgung nur dann gelingen kann, wenn Nutzerpraferenzen, Datenschutz und -sicherheit
bei der Entwicklung bericksichtigt werden. Es bedarf zudem einer Evaluierung von
Anwendungen im Rahmen einer evidenzbasierten Medizin. Des Weiteren missen fordernde
Faktoren, wie die Vergltung von Leistungserbringern, aufgebaut und die digitale

Gesundheitskompetenz der Patienten gestarkt werden.
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D-20246 Hamburg, Germany. Data on country, targeted audience, DHI category, indication, outcome parameter

Fmall prreinders@uke.de and study design were extracted. Out of 12,009 records identified in MEDLINE, 403

Funding information studies were included in the final analysis. Studies on DHIs mainly performed in

Novartis western countries, headed by the United States (n=133), Germany (n=32) and Spain
(n=23). Of all identified DHISs, 261 targeted healthcare providers (HCP), 66 clients
(e.g. patients, caregivers, healthy individuals) and 67 both clients and HCPs. A ma-
jority of DHIs focussed on establishing a diagnosis (n=254). Every other study ana-
lysed store-and-forward teledermatology (n = 187), followed by artificial intelligence
applications for image analysis (n=65). The most often analysed DHI category for
clients was a support of health behaviour change (n=31). Monitoring of clients was
targeted by 77 studies. Skin cancer (n=148), wounds (n=29) and psoriasis (1n=29)
were the most targeted indications by DHIs. Most studies analysed diagnostic per-
formance (n=166), fewer studies analysed acceptance (n=92) and effectiveness
(n=98). Usability (n=32) and efficiency (n=36) were investigated only to a small
extent. Studies on DHIs in dermatology have focused on teledermatology and Al
applications, with an emphasis on skin cancer diagnosis. Apart from that, a range
of DHIs for different user groups, purposes and indications were identified, demon-
strating the broad potential for DHIs in dermatology. Further research with a wider
set of outcome parameters is needed to fully understand the potential of DHIs and
ensure their sustainable implementation into dermatological care.

INTRODUCTION published by the World Health Organization (WHO) in 2018.>

Digital health interventions (DHIs) are interventions based
on eHealth technologies, so the use of information and com-
munication technologies to support health and health-related
fields.! Thereby, DHIs cover known concepts such as artificial
intelligence (AI) algorithms, wearable technologies, mobile
health and telemedicine." A first classification on DHIs was

DHIs can improve health outcomes and increase time and cost
efficiency in healthcare systems around the globe. They are
thought to lead to more sustainable and equitable healthcare
systems and are therefore recognized and promoted.’~ The
improvements can be achieved by data-supported decision-
making in diagnosis and treatment, enhanced communication
between individuals involved in the process of care, improved

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any medium,
provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
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self-management by patients with long-term conditions, but
also through effective promotion of healthy behaviours.*

Visual aspects are crucial for the diagnosis of skin dis-
eases. Thus, DHIs are particularly suitable in dermatology
involving digital images or videos such as teledermatology or
AT applications. Moreover, DHIs can also support other as-
pects of the patient's journey. For patients, this incorporates
various smartphone and web applications to self-monitor a
skin disease, remind patients of medications or introduce
a health behaviour change.®”® These applications can em-
power patients to actively engage in treatment decisions or
in considering positive health choices.” For healthcare pro-
viders (HCP), this includes online trainings, the ability to
remotely monitor patients or receive a decision-making sup-
port by smart algorithms.'*!!

For teledermatological interventions, sufficient evidence
is already available for several indications demonstrating
high patient satisfaction, reduced waiting times for assess-
ment and diagnostic accuracy comparable to standard of
care.'” ™ Artificial intelligence applications to classify skin
cancer also show positive evidence.'” However, a general and
comprehensive overview of studies on DHIs in dermatology
does not exist.

Consequently, this systematic mapping of the literature
characterizes and clusters studies on DHIs in dermatology
regarding the type of DHI, indication, aim, study country,
outcome parameter, target group and study design.

MATERIALS AND METHODS

On 5 August 2022, the MEDLINE (PubMed) database was
searched for all original studies analysing the use of DHIs in
dermatology. The search term consisted of common terms
and their synonyms in digital health, including eHealth, on-
line health, mHealth or artificial intelligence and a derma-
tological string including common dermatological diseases.
The full search string is displayed in Appendix S1. The sys-
tematic mapping of the literature has not been pre-registered.

Study selection

Studies were selected according to developed inclusion
and exclusion criteria (Table 1). The decision to exclude
publications prior to 2010 has been made as older tech-
nologies do not longer correspond to today's status. We
decided to only include studies that used quantitative
methods for the evaluation of a DHI. For Al only stud-
ies that compared the algorithm to standard of care (e.g.
AT vs. dermatologist), studied the algorithm prospectively
in a real-world setting, or utilized an application available
at the market, to avoid inclusion of studies that primarily
focus on the mathematical development process of an Al
were considered.'®

Two researchers reviewed all titles and abstracts. In case
of disagreement or ambiguity, records were discussed with

TABLE 1 Inclusion and exclusion criteria of the systematic review.

Inclusion:

« A digital health intervention in the field of dermatology including
any digital health intervention described by the World Health
Organization classification of digital health interventions.

« For artificial intelligence only: The study compared the
algorithm to standard of care, studied the algorithm
prospectively in a real-world setting or utilized a market
available application.

o The study uses quantitative methods for evaluation.

o The study is an original study published in a peer-reviewed
journal.

o The study was published between August 2010 and August 2022.

o The study was published in English or German.

Exclusion:
o Thestudy is a case report or series.
o The study focuses primarily on the development process with
no or minimal focus on a quantitative evaluation.
o For artificial intelligence only: focus on the mathematical
development process.*®

a third researcher until consensus was reached. Following,
the remaining full texts were always reviewed by at least
two researchers for eligibility discussing results in case of
disagreement.

Data extraction

A standardized data extraction sheet based on a systematic
review on teledermatology'® was refined and adapted to the
content of included studies in this mapping of the literature.
First, general study characteristics were extracted: year
of publication, countries in which the study was performed,
number of included patients or cases, if it was a follow-up
study and length of follow-up. Study designs were catego-
rized according to the following categories: randomized
trials (controlled or crossover), non-randomized trials (con-
trolled or crossover), cross-sectional studies, surveys fol-
lowing an intervention, one-group pre-post-studies, cohort
studies or feasibility/pilot trials. In addition, study designs
were classified as comparative or non-comparative.'”
Second, DHI-specific information was extracted: The
identified DHIs were largely categorized according to the
WHO classification of digital health interventions.” After
inspection of included papers, we refined and renamed the
classification in certain aspects to be able to characterize the
findings more precisely (Appendix S2). The extracted tar-
geted aim of the DHI contained: (i) diagnosis/diagnostics, (ii)
triage/referral, (iii) monitoring/follow-up (iv) prevention, (v)
therapy or therapy support and (vi) education for healthcare
personnel. One DHI could have multiple targeted aims. We
also coded the skin disease related to the intervention. In case
the DHI did not target any specific disease or more than three
different skin diseases, we coded these studies as ‘multiple
skin diseases targeted’. Next, the targeted groups were coded
for each DHI: (i) clients (e.g. caregivers, patients, healthy in-
dividuals, screening population), (ii) HCPs (e.g. dermatolo-
gists, primary care physicians, pathologists, nurses, medical
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students) and (iii) clients and HCPs if both applied together.
The three categories were mutually exclusive.

Finally, we derived the following outcome parameters
from included studies:

1. Efficacy/effectiveness was assigned, when the study re-
searched the potential benefits of a DHI either under op-
timal conditions (efficacy) or under real-world conditions
(effectiveness) in comparison to the standard of care.”® The
parameter covered constructs such as morbidity, quality
of life indices, test scores for educational interventions
or habitual indices, for example on treatment adherence.

2. Efficiency was considered for parameters measuring the
effect of an intervention in relation to the invested re-
sources (i.e. cost, waiting time, travel time, consultation
time or reduced number of referrals)’*—we only consid-
ered efficiency in comparative studies.

3. Diagnostic performance covered sensitivity, specificity,
accuracy and related scores (e.g. F1 score), but also the di-
agnostic concordance between the standard of care and
the digital intervention.

4. Usability was considered if the definition of the
International Organization for Standardization (ISO)
(2013) was met: ‘the extent to which a product can be used
by specified users to achieve goals with effectiveness, ef-
ficiency and satisfaction’.”’

5. For acceptance, no consensus definition is available.
Hence, a broad definition was considered covering the at-
titude towards a new DHI, the willingness to use an inter-
vention, the actual usage or the satisfaction after engaging
with the technology.”'

Multiple researchers extracted the data from eligible stud-
ies. To ensure consistency of data extraction, researchers were
trained on a pre-established data extraction manual. We
performed multiple data checks in around 10% of all papers
per researcher. In addition, plausibility checks (e.g. efficiency
in non-comparative study) were investigated and corrected.
No risk of bias of studies was assessed, while this mapping of
the literature was intended to provide an overview of stud-
ies without a focus on the effectiveness of these interventions.
Hence, no methodological quality or risk of bias was assessed.

Statistical data analysis

The extracted data of included studies were analysed descrip-
tively. In addition, multiple cross-tables were plotted to visu-
alize links between extracted parameters. All analyses were
conducted in Microsoft Excel. Graphical presentations were
designed using R version 4.2.1 (R Core Team, Vienna, Austria).

RESULTS

The search algorithm identified 12,009 records on PubMed
(Figure 1). After screening all titles and abstracts, 1063 reports

were assessed for eligibility. Of those, 659 were removed as
they did not meet the inclusion and exclusion criteria. Finally,
403 studies were included in the review (Appendix S3).

The studies derived in 52 countries, representing all
continents (Figure 2). Countrywise, most of the studies
were conducted in the United States (n=133), followed by
Germany (n=32), Spain (n=23) and Australia (n=19). The
median of included participants was 133 with a minimum of
ten and a maximum of 59,279 participants. Studies that re-
ported cases included 233.5 as the median with a minimum
of 15 cases and a maximum of 83,100 cases. Out of the 403
studies, 106 reported a follow-up of participants. The mean
follow-up was 5.9 months (SD = 7.5months).

Digital health interventions by year and target
group (both, HCP, client)

A general increase in studies on DHIs was identified in the last
12years (Figure 3). The trend was especially driven by S&F tel-
edermatology between HCPs and Al image analysis for HCPs.
The number of studies that evaluated DHIs for clients did not
follow this trend. More than half of all studies evaluated DHIs
for HCPs only (n=261), whereas a minority targeted clients
alone (n=66) or were used by a client and an HCP (n="76).

Digital health interventions by indication and
target group (both, HCP, client)

Opverall, skin cancer was most often targeted by the DHIs in the
identified studies (1= 148; Figure 4a). Here, S&F teledermatol-
ogy (between HCPs as well as between HCP and client) and
AT image analysis accounted for two-thirds of these studies.
Other studies on skin cancer evaluated client-centred messag-
ing and health messaging to populations regardless of health
status. Both interventions are designed to promote health or a
health behaviour change. Store-and-forward teledermatology
explained the large number of studies on multiple diseases
(n=93), others were live-interactive teledermatology (n=13)
and Al (n=8). In comparison to DHIs on skin cancer, other
indications were less often analysed: wounds, psoriasis, atopic
dermatitis (AD) and acne vulgaris. Within these indications,
no particular focus on a DHI function was identified.

Digital health interventions by aim and target
group (both, HCP, client)

Supporting the diagnostic process was the main aim in the
majority of identified studies (Figure 4b). These studies
mostly analysed S&F teledermatology (between HCPs as well
as HCP and clients) and AI for image analysis. Monitoring
was often facilitated via teledermatology in several forms
(live-interactive or S&F; HCPs as well as HCP and clients),
but also by AI applications, client-centred messaging and ac-
tive data documentation applications.
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* no evaluation of digital health intervention

(n=66)
+ letter to the editor (n = 63)
+ no adequate study design (n = 54)
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+ no primary focus on digital health intervention
(n=239)
+ no primary focus on dermatological indication

Studies included in review
(n=403)

(n=230)
* non peer reviewed article (n = 25)
+ secondary research (n = 22)

FIGURE 1 PRISMA diagram.

Digital health interventions by outcome
parameter and target group (both, HCP, client)

As a consequence, to the strong focus on diagnosis sup-
port, diagnostic performance was frequently analysed by
studies (Figure 4c), especially studies on S&F teledermatol-
ogy between HCPs and between HCPs and clients, as well
as Al imaging for HCPs and clients. Within studies on Al
the diagnostic performance was nearly the only parameter
analysed. Acceptance was the second most studied param-
eter and commonly included in studies on teledermatology
and client-targeted applications, but rarely in studies on Al
The effectiveness of a DHI was analysed relatively often in
client-targeted applications, but less often in applications
for HCPs. Efficiency was almost only included in studies on
S&F teledermatology.

Digital health interventions by study design and
target group (both, HCP, client)

The most frequently applied comparative study de-
sign was a cross-sectional design (n=215), followed by

* not in English (n=17)
+ study protocol (n=9)

a randomized (n=75) and a one-group pre-post design
(n=31; Figure 5). For non-comparative study designs, a
cross-sectional, a survey or a pilot design was common to
assess a DHI. Reasonably, the distribution of designs var-
ied between sections of DHI categories and target groups.
Whereas non-comparative and comparative designs were
evenly distributed for DHIs targeting HCPs, comparative
studies were predominantly used to assess DHIs for clients.
Almost two-thirds of cross-sectional studies, comparative
or non-comparative were applied to analyse Al for im-
aging analysis and S&F consultation between healthcare
HCPs. For Al imaging, only one randomized controlled
trial was identified.

DISCUSSION

In this systematic mapping of the literature, we clustered
and characterized studies on digital health interventions in
dermatology. We identified a strong upward trend towards
more studies in recent years. The trend was especially driven
by studies on S&F teledermatology and artificial intelligence
applications. Furthermore, the studies were largely aimed at
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Rank Country Number of Percentage
studies (n) (%)
1 United Stgtes of 134 329
America
2 Germany 32 8.1
3 Spain 23 5.9
4 Australia 19 46
5 United Kingdom 18 4.4
6 The Netherlands 17 4.4
7 Brazil 17 4.2
8 France 14 3.4
9 Austria 13 3.2
10 South Korea 12 29
1 Other (42 ldistinct 138 340
countries)
Number of studies 1-4 5-9 1029 m20-39 m>100
FIGURE 2 Number of digital health intervention studies by countries.

skin cancer and often targeted healthcare providers as DHI
users.

The incidence of skin cancer and the resource-intensive
nature of current screening strategies have driven attention
towards the development of DHIs that support a diagnosis
or referral. Especially teledermatology and Al are thought to
improve screening efficiency.”*>* Fewer studies have inves-
tigated the use of DHIs in managing chronic skin conditions
such as chronic wounds, psoriasis, atopic dermatitis and
acne vulgaris, despite the large burden they place on health-
care systems and the recommended use of comprehensive
documentation and monitoring.”>** Positive examples of
DHIs for chronic conditions include S&F telemedicine for
long-term monitoring of atopic dermatitis'® and electronic
education of general practitioners on atopic dermatitis.*’

The systematic literature analysis identified several stud-
ies on DHI aimed at triaging patients, particularly through
the use of S&F teledermatology. With the demographic shift
and its impact on the demand and supply of dermatological
healthcare services, it is more important to increase access
to and efficiency of healthcare. The implementation of these
DHIs into the healthcare system is essential in the future.”
Already, patients with more serious and acute conditions are
often seen sooner in dermatological clinics than those with
less pressing symptoms,”' and DHIs may help to support this
transition.

Store-and-forward teledermatology was more often
studied than live-interactive teledermatology likely due

to the inherent advantages of S&F, including lower reli-
ance on high-speed internet and greater time flexibility.*>
Still, live-interactive teledermatology has gained attention
more recently, particularly since the COVID-19 pandemic,
with studies that focus mainly on acceptance parameters.
Although positive evidence exists for live-interactive derma-
tology, there have been no recent studies published on the ef-
fectiveness or efficiency of it.'* There is a need for an update
of the evidence, while technology, infrastructure and com-
petencies of users significantly improved during that time.

DHIs for clients have been proposed to facilitate self-
care, self-management and active engagement in decision-
making.” We identified several DHIs that are promising in
achieving these goals, such an active data documentation by
clients to support disease monitoring,” client-centred mes-
saging to support treatment adherence® or applications that
promote the prevention of skin cancer.” However, consid-
ering the availability of more than 400 dermatology-related
smartphone applications for patients and clients in the
United States alone,’* the evidence supporting their use and
understand their mode of action cannot be considered suf-
ficient. Interventions that focus on client-centred messaging
based on health status seem to be the most promising as 19
randomized controlled trials exist, which should be closely
analysed in a separate systematic review.

A strong concentration on diagnostic performance was
noticed, especially within studies on S&F teledermatology
and Al applications for image analysis including dermoscopy
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Digital health intervention category

S&F consultation between HCP and client 1 2 5 2

Live interactive teledermatology 0 0 0 0

Client-centred messaging based on 0 0 0 0
health status (incl. prov.)

Active data documentation by client
(incl. prov.) b 0 9 g

S&F consultation between HCPs 1 il 6 8

Al image analysis for provider 0 0 1 1
Provide training content to healthcare 0 1 1 3
provider(s)

Other Al applications (i.e. predictive
analytics)

Client-centred messaging based on 1 2 3 6
health status

Health messaging to populations 0 1 0 1
regardless of health status

Active data documentation by client 0 0 0 1

Al image analysis for clients 0 0 0 1

0 5 3 5 4 2 6 5 4 44
0 1 0 0 1 0 2 9 3 16
1 0 1 1 0 0 1 1 0 5

0 0 0 0 1 0 0 0 0 1

10—{15 0 ¢F 285 (12 8 144
0 3 1 0 6 13 13 {13 4 55
3 4 0 2 S 1 0 0 3 23
0 0 0 1 1 0 1 0 3 8

S 3 0 0 2 2 8 2 2 31
0 2 0 3 3 0 1 1 0 12
0 0 0 1 1 2 2 4 1 12
0 1 0 1 1 0 4 1 1 10

Total | ® @2 (7 (22

(221 (387 (20 (82 (37 | 450 72‘54 (31 .

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 Total

FIGURE 3
store-and-forward.

or histology. Many of these studies focused on the diagnostic
performance and used a cross-sectional study design. Yet,
it is crucial to assess the clinical efficacy or performance of
these interventions through comparative studies. Ideally,
this should be done by randomized controlled trials to
comprehend the impact on access to care, clinical decision-
making and outcomes, such as mortality and morbidity.**?°
While there have been some studies on the effectiveness of
S&F teledermatology for diagnostic purposes,’®* there is
currently only one randomized controlled trial on the ef-
fectiveness of AI for image analysis in dermatology.”® The
impact of AI on dermatology and healthcare is increasing,
particularly in diagnostic, but also in healthcare communi-
cation between patients and dermatologists (as exemplified
by ChatGPT). Yet, all AI technologies carry the risk of intro-
ducing systematic errors that may impact patient outcomes
and safety.”® Therefore, careful evaluation and consideration
of Al applications in healthcare are essential to ensure safe
and effective patient care.

Apart from diagnostic performance and effectiveness,
other outcome parameters are also important for the assess-
ment of DHIs. Acceptance was commonly assessed since a
high acceptance rate is considered as a positive predictor for

Digital health intervention studies by indication and year of publication. Al, artificial intelligence; HCP, healthcare provider; S&F,

the actual uptake of DHIs by patients and HCPs in routine
care.*” Inclusion of the parameter in future research can hence
only be endorsed. Efficiency and usability have not been ex-
tensively studied in the context of DHIs, though both are im-
portant for a full assessment of these technologies. Usability,
in particular, is emphasized by regulatory authorities as it can
ensure the effectiveness, efficiency and satisfaction of DHI
use for a specific audience and is often identified as a major
facilitator of DHIs.*'~* Efficiency, including cost and time ef-
ficiency, are a key promise of DHIs* and will affect decision-
making for adoption on an individual HCP level as well as the
healthcare system level. At the system level, efficiency is cru-
cial for assessing the value (outcomes in relation to costs) of a
DHI and determining appropriate reimbursement levels.** At
the individual provider level, perceived added workload is an
identified barrier to the adoption of DHIs, making it import-
ant to understand the impact on workflows.*’

The observed geographical disparities of published stud-
ies were already found within other reviews on telederma-
tology and digital applications for elderly patients.'**> The
low number of studies evaluating DHIs in low and middle-
income countries is likely influenced by various factors, in-
cluding infrastructure, funding and competencies.*® Efforts
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Digital health intervention category

S&F consultation between HCP and client 8 14 1 0
Live interactive teledermatology 1 1 1 0
Client-centred messaging based on 1 & 0 0
health status (incl. prov.)
Active data documentation by client
(incl. prov.) 0 0 0 0
S&F consultation between HCPs 43 7 11 3
Al image analysis for provider 42 1 0 0
Provide training content to healthcare 0 9 8 2
provider(s)
Other Al applications (i.e. predictive 1 0 1 1
analytics)
Client-centred messaging based on
health status 0 s 2 -
Health messaging to target group 0 = 0 1
regardless of health status
Active data documentation by client 2 S 0 0
Al image analysis for clients 2 0 0 0
4 A 4
Total (\ 105 | 76 &3t 12

Cross-sect. RCT  Pre-Post Non-RCT

FIGURE 5
trial; S&F, store-and-forward.

to address these issue are underway, but more research on
DHIs in these countries is necessary to consider the specific
context and healthcare systems.*”*® Disparities have to be
carefully assessed as language barriers may have biased the
geographical distribution of findings.

Other limitations apply, when interpreting the findings of
our systematic literature search: First, the trends and find-
ings identified in this review will not reflect real-world utili-
zation of identified DHIs, as this is influenced by preferences
of patients and HCPs, regulations, availability of services
and reimbursement policies. Second, the number of studies
included in this review should not be taken as an indicator
of either the effectiveness of a DHI category or the quality of
the evidence available, as this was not assessed in the present
mapping of the literature but should be done in future reviews
of individual DHI categories. Third, the effort to establish ev-
idence for different DHIs may vary based on factors such as
data availability and ethical considerations, which also influ-
ences the number of studies per category. For example, many
comparative Al studies are conducted on retrospective image
datasets and do not require ethical approval, whereas studies
on an innovative patient app may require such approval and
are often based on prospective data collection.

CONCLUSION

The present review analysed the current landscape of digi-
tal health interventions in the field of dermatology. A

1 3 6 4 4 3 44

0 0 7 6 1 0 16

0 0 0 0 0 0 5

0 0 0 1 0 0 1

3 1 64 4 6 2 144

1 0 8 1 2 0 55

1 1 0 1 1 0 23

1 0 4 0 0 0 8

1 1 2 1 0 0 Sl

0 0 2 1 1 0 12

0 0 2 0 1 1 12

0 0 7. 1 0 0 10

12 7 ( o 18 10 -

Pilot  Cohort-study ) Cross Survey Pilot Cohort Total
study sect. study study

Digital health intervention studies by study design. AL artificial intelligence; HCP, healthcare provider; RCT, randomized controlled

significant increase in the number of studies was observed,
particularly in the areas of teledermatology using store-and-
forward technology and artificial intelligence applications
in skin diagnosis and cancer detection. A diverse range of
DHIs targeting different user groups for various purposes
and indications were evaluated, highlighting the vast poten-
tial for future use of DHIs in dermatology.

Nevertheless, to fully comprehend the capabilities of DHIs,
additional research is necessary in promising areas such as
the management and monitoring of chronic skin diseases and
triage of patients. Additionally, the assessment of DHISs for cli-
ents is essential, as these technologies are widely available, yet
they are not supported by a large evidence base. Furthermore,
the examination of various outcome parameters, including
efficiency, effectiveness, usability and acceptance, is crucial
in determining the true value of DHIs and promoting their
successful integration into healthcare systems.
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Abstract

Background: Although several digital health interventions (DHIs) have shown promise in the care of skin diseases their uptake
in Germany has been limited. To fully understand the reasons for the low uptake, an in-depth analysis of patients’ and health care
providers’ barriers and facilitators in dermatology is needed.

Objective: The objective of this study was to explore and compare attitudes, acceptability, barriers, and facilitators of patients,
dermatologists, and nurses toward DHIs in dermatology.

Methods: We conducted 6 web-based focus groups each with patients (n=34), dermatologists (n=30), and nurses (n=30) using
a semistructured interview guide with short descriptions of DHIs described in the literature. A content analysis was performed
using deductive constructs, following the unified theory of acceptance and use of technology framework, and inductive categories.

Results: Patients identified many positive performance expectancies, such as reduced travel times and improvement in follow-up
appointments. Dermatologists also stated positive effects (eg, promotion of standardized care), but also negative implications of
health care digitalization (eg, increased workload). All stakeholders reported that a DHI should bring additional value to all
stakeholders. A lack of digital competence among patients was identified as the major barrier to adoption by all 3 groups. Nurses
and dermatologists want apps that are easy to use and easy to implement into their daily routines. Trust in selected institutions,
colleagues, and physicians was identified as a facilitator. Patients reported their dependence on the dermatologists’ acceptance.
All groups expressed concerns about data privacy risks and dermatologists stated insecurities toward data privacy laws.

Conclusions: To ensure successful digitalization in dermatology, apps should be user-friendly, adapted to users’ skill levels,
and beneficial for all stakeholders. The incorporation of dermatologists’ perspectives is especially important as their acceptance
may impact use among patients and nurses. DHIs should ensure and be transparent about data privacy. The found barriers and
facilitators can be used for implementation strategies.

(JMIR Dermatol 2024;7:e57172) doi: 10.2196/57172

KEYWORDS

digitalization; digital health interventions; UTAUT; unified theory of acceptance and use of technology; barriers and facilitators;
dermatology; qualitative research; focus groups; mobile phone

further examination by a dermatologist, causing high use of
health care services [2-4]. The resulting time constraints restrict
possibilities for shared decision-making and impair timely access
to care [5,6]. Demographic change will put additional pressure

Introduction

Skin diseases, such as atopic dermatitis, psoriasis, acne, skin
cancer, and urticaria, are among the most frequent medical s
conditions in Europe [1,2]. In Germany, about 26.75% (11,291 ~ ©n the system in the near future 7].
/42,215) of adults have a dermatological condition that requires

https://derma.jmir.org/2024/1/e57172 JMIR Dermatol 2024 | vol. 7 | e57172 | p. 1
(page number not for citation purposes)
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Digital health interventions (DHIs) through information and
communication technologies can support the provision of care
[8]. In dermatology, a wide array of DHIs is available to patients
and health care providers across numerous indications, each
offering various features [9]. Given the visual nature of many
dermatological assessments, the integration of telemedicine and
artificial intelligence can support diagnoses [10,11]. Digitally
supported self-management strategies may be beneficial, as
many chronic dermatological conditions such as atopic
dermatitis and psoriasis exist, where lifestyle adjustments can
lead to positive outcomes [12]. Disease monitoring apps could
also become essential in dermatology. These apps support both
patients and physicians by enabling them to track disease
progression through image documentation, patient-reported
outcomes, and access to digital medical records, including
laboratory results [13,14]. All apps can improve communication,
data availability, efficiency, patient-centered care [15], and
treatment adherence in dermatology [16].

Despite the variety of DHIs in the literature, their adoption in
the field of dermatology remains limited. Although a guideline
and reimbursement for teledermatological services exist, only
40% of dermatologists offered these services during the height
of the COVID-19 pandemic in Germany [17-19]. In other
countries, the number exceeded 80% [19,20]. When considering
actual usage, published data indicate that only 7.6% (60/792)
of dermatologists frequently used real-time teledermatology,
with more precise statistics currently unavailable. Other DHIs
are used more commonly, such as the electronic appointment
reminder (“frequently wused” by 212/792, 27% of
dermatologists), but still used by a minority of dermatologists
[21].

A recent systematic literature analysis identified key barriers
to the implementation of DHIs in general health care worldwide
including limited knowledge of DHIs among physicians and
patients, unclear benefits for participants, and financing issues
related to reimbursement and cost coverage for patients [22].
Acceptability and attitude of stakeholders, including patients,
nurses, and dermatologists, play an important role in the
adoption of DHIs. Whereas patients in Germany have a general
interest in digital health and a willingness to share their data
with dermatologists [23,24] the acceptability of German
dermatologists on electronic health records is lower [25].
Nurses’ acceptability and competencies are vital for the
successful implementation of DHIs because they play a pivotal
role in assisting physicians by processing patient data,
coordinating, and communicating with patients, educating them
on DHIs, preparing data for consultations, and seamlessly
integrating DHIs into clinical workflows [26]. Yet they are
frequently overlooked and inadequately addressed in the
literature [26]. To gain a deeper understanding of the
acceptability of the 3 groups, an in-depth analysis of patients’
and health care providers’ barriers and facilitators in
dermatology is needed. The perspectives identified can then be
used to develop tailored interventions and implementation
strategies for DHIs [27].

The objective of this study was to explore and exploratively
compare attitudes, acceptability, barriers, and facilitators of

https://derma.jmir.org/2024/1/e57172
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patients, dermatologists, and nurses toward DHIs in

dermatology.

Methods

Study Design

We conducted web-based focus groups with dermatologists,
dermatology nurses, and patients with skin conditions via a
video conference platform Cisco Webex (Cisco Systems). Focus
groups are a qualitative research method that provides a deeper
understanding of shared experiences and opinions by facilitating
an interaction between participants [28]. We ensured the quality
of the web-based focus groups by following the STEER
(Stability of Group Numbers, Technology, Environment,
Evaluation, and Recruitment) guidelines [29]. The COREQ
(consolidated criteria for reporting qualitative research) was
followed in this study reporting when applicable (Multimedia
Appendix 1) [30].

Material

The focus groups were conducted using a semistructured
interview guide based on literature research and developed
among a team of health scientists and dermatologists
(Multimedia Appendix 2). First, questions were asked on the
current status and issues in providing or receiving
dermatological care. After that, a short description of five
common DHIs was given (1) treatment reminders for adherence
[16], (2) self-support tools and webpages [12], (3)
store-and-forward teledermatology in different settings (with
known and unknown dermatologists) [31,32], (4) eHealth portals
for disease monitoring via active data collection (including
patient-reported outcomes) [13], and (5) live-interactive video
consultations [10]

In all focus groups, participants were asked to express whether
they could imagine using the presented DHI, identify additional
features they deemed necessary from their perspective, and
pinpoint any aspects that might deter them from using the DHI
(Multimedia Appendix 2). In addition, general aspects of DHIs
were investigated with questions on data security, data
ownership, evidence, and their impact on the patient-physician
relationship.

Participant Selection and Recruiting

To gather a broad range of perspectives on DHIs, we
purposefully selected participants: dermatologists and nurses
(German: Medizinische Fachangestellte or Gesundheits- und
Krankenpfleger*innen) were selected based on type of
workplace (clinic or practice), location of workplace (East,
West, North, or South Germany and urban or rural), age group
(<39, 40-49, and +50 years), and gender. Participants were
invited to participate by field managers of Novartis Pharma
GmbH and were compensated for their participation. A total of
33 dermatologists and 34 nurses were willing to participate, out
of which 7 did not attend a focus group and without providing
a specific reason.

Patients were selected based on diagnosis: psoriasis, atopic
dermatitis, skin cancer, acne, hidradenitis suppurativa, and
chronic wounds. Decision on indications was made to cover a
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wide range of dermatological care from chronic inflammatory
skin diseases (eg, psoriasis and atopic dermatitis) via chronic
wounds to skin cancer. Patients were invited from two sources:
(1) offline via the dermatological outpatient clinic at the
University Medical Center Hamburg-Eppendorf (UKE) and
rural dermatological practice in the Hamburg area and (2)
web-based via a patient association (Deutscher Psoriasisbund
eV) by sending out an email to members. Inclusion criteria were
aged =18 years and proficiency in German and technical
equipment to participate in a video conference. Patients received
an allowance for their participation. We enlisted 41 patients
willing to participate, out of which 7 patients did not participate
in the focus groups. Of those, 3 cited scheduling conflicts and
4 did not state any specific reason.

The researchers had no personal acquaintance with any of the
participants before the focus groups.

Ethical Considerations

The local psychological ethics committee at the UKE (Lokale
Psychologische Ethikkommission am Zentrum fiir Psychosoziale
Medizin des University Medical Center Hamburg-Eppendorf)
approved this study (LPEK-0250). Participants received study
information via email and gave their informed consent in a
mandatory 1:1 video call before the respective focus group.
Their anonymity was ensured by a personally chosen acronym
during the video conference. The study was conducted following
the Declaration of Helsinki.

Data Collection

Preceding the focus groups, we conducted a mandatory 1:1
video call to (1) introduce the researcher and explain their
motivation for the research project, (2) ensure participants’
technical proficiency, (3) provide information about the research
project, (4) answer any questions, (5) record oral consent as
described above, (6) explain ground rules for the web-based
focus groups, and (7) collect sociodemographic data.

In total, 2 researchers of the UKE (health scientists) participated
in each focus group: one to moderate the session and guide the
discussion; the other to ensure a smooth organizational
procedure and take field notes. MO (PhD and lead of research
group telemedicine and digital health at UKE) or PR (PhD
student and research associate in research group telemedicine
and digital health at UKE) moderated the focus groups. All
focus groups were scheduled with 5 to 7 participants for 1.5
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hours and were conducted between February and April 2021.
The recordings had an average length of 1:28 hours (SD 0.19)
with a range from 0:49 hours and 1:59 hours.

We initially planned at least 6 focus groups per stakeholder
group with the option to conduct further groups until data
saturation would have been reached. The data saturation was
discussed among the researchers during the analysis and was
defined as “the degree to which new data repeat what was
expressed in previous data” [33]. After the fourth focus group,
approximately 70%-80% of topics were repeated within all 3
stakeholder groups, resulting in the conduction of 6 focus groups
each.

Data Analysis

All focus groups were fully recorded via audio and transcribed
for qualitative content analysis. Data analysis was conducted
following the recommendations by Elo and Kyngés [34] using
content analysis and the software NVivo (version 12; Lumivero).
Overarching constructs were deductively based on the unified
theory of acceptance and use of technology (UTAUT) model
(Textbox 1). The UTAUT model aims to explain the acceptance
and usage of technology and is based on 4 major constructs:
performance expectancy, effort expectancy, facilitating
conditions, and social influence. Another relevant construct
associated with the model is the attitude toward using technology
[35]. The UTAUT was chosen, as the model is one of the most
frequently applied theories to explain acceptance toward
technology [36] in the health care context and has proven itself
in qualitative research (Textbox 1) [37,38]. Main categories and
subcategories were initially derived inductively on an individual
DHI (eg, treatment reminder) or topic level (eg, evidence or
data privacy). In a subsequent step, a category system was
developed (constructs deductively based on UTAUT), where
individual DHI and topic-specific inductive categories were
abstracted to identify attitudes, acceptability, barriers, and
facilitators. For this study, the main and subcategories for the
individual DHIs were not further analyzed, categories were
formed across all. Constructs, main categories, subcategories,
and quotations were openly discussed in multiple sessions
between researchers (MO, PR, and AF). Similar main categories
and subcategories across the 3 stakeholder groups were aligned
in wording to allow for comparison between groups. The coding
was carried out by PR supported by AF and MO.
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Textbox 1. Description of deductive constructs according to the unified theory of acceptance and use of technology model.

Attitudes toward technology

Performance expectancy

Effort expectancy

o  Expected ease or difficulty of use from an individual perspective.

Facilitating conditions

the DHI.

Social influence

patients.

o Liking or disliking digital health interventions (DHIs), seeing the need for DHI, and willingness to use DHI in the future.

e  Expected usefulness of technology, productivity, and career prospects.

o  Facilitator or barrier associated with resources, knowledge, compatibility with current routines, availability of assistance, and special features of

e Opinion of important others, organizational support, trust in recommendations of colleagues, societies (eg, patient or medical societies), or

Results

Characteristics of Participants

The number of participants per focus group ranged between 4
and 7 participants. The 30 dermatologists who participated in
1 of the 6 focus groups were between 34 and 69 (mean 51.3,
SD 8.4) years, and 12/30 (40%) were women (Table 1).
Dermatologists predominantly worked in an outpatient practice
(23/30, 77%), a minority in both settings (6/30, 20%), or in an
outpatient clinic (1/30, 3%). All 4 regions were represented
with a range from 12 (40%) dermatologists from western
German states to 5/30 (17%) dermatologists from eastern
German states. The 30 nurses were between 23 and 60 (mean
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37.5, SD 12.2) years, almost entirely women (29/30, 98%),
working in an outpatient practice (29/30, 98%), and mainly
having a medium school education (21/30, 68%). Nurses from
all 4 regions were included with a range of 9 (30%) nurses from
northern and 5 (16.7%) nurses from southern Germany. Patients
(n=34) had a mean age of 47.7 (SD 16.8) years with a range
between 20 and 77 years, 47% (16/34) were female. The
majority of patients had a high school education (24/34, 71%)
and were from northern federal states (29/34, 85%). Patients
from eastern Germany did not participate. Each targeted
indication was covered. The indications hidradenitis suppurativa,
atopic dermatitis, and acne were represented by 4 participants,
respectively. Psoriasis was represented by 10, chronic wounds
by 6, and skin cancer by 5 participants (Table 1).
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Table 1. Demographic characteristics of participants.

Dermatologists (n=30) Nurses (n=30) Patients (n=34)

Range of participants per focus group

Minimum 5 4 5

Maximum 6 7 6
Age (years)

Minimum 34 23 20

Maximum 69 60 77

Mean (SD) 51.3(8.4) 37.5(12.2) 47.7 (16.8)
Female participants, n (%) 12 (40) 29 (98) 16 (47)
Regional variation, n (%)

West 12 (40) 7(23.3) 3(8.8)

North 6 (20) 9(30) 29 (85.3)

South 7(23) 5(17) 2(6)

East 5(17) 7(23) 0(0)
Rural area, n (%) 7(23) 10 (33) 11 (32)
Health care sector, n (%)

Outpatient practices 23 (77) 29 (98) _a

Outpatient clinic 1(3.3) 1(3.3) —

Both 6(20) 0(0) —
School education, n (%)

Low — 0(0) 2(3)

Medium — 21 (68) 8(23)

High — 9(32) 24 (71)

Use of digital devices at least once a week, n (%)

PC 29 (97) 28 (93) 30 (88)
Tablet 15 (50) 15 (50) 15 (44)
Smartwatch 6 (20) 8 (27) 6 (18)

Smartphone 30 (100) 30 (100) 33 (97)

Use of digital apps, n (%)

Search engine 30 (100) 30 (100) 34 (100)
Social media 13 (43) 24 (80) 23 (68)
Instant messenger 29 (97) 30 (100) 32 (94)
Podcasts 16 (53) 13 (43) 10 (30)
Videos (eg, YouTube or Netflix) 29 (97) 21 (70) 31 (91)
Encyclopedia (eg, Wikipedia) 28 (93) 19 (63) 28 (82)
Online banking 27 (90) 26 (87) 30 (88)
Sports and fitness apps (eg, Strava or Garmin) 14 (47) 18 (60) 23 (70)
Use of DHIS, yes 17(57) 14 (47) 2(6)
Recommendation of DHIs, yes 17 (57) 9(33) 2 (6)

Indications, n (%)

Psoriasis — — 11 (32)
Hidradenitis suppurativa — — 4(12)
https://derma.jmir.org/2024/1/e57172 JMIR Dermatol 2024 | vol. 7 | e57172 | p. 5
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Dermatologists (n=30) Nurses (n=30) Patients (n=34)
Chronic wounds — — 6 (15)
Atopic dermatitis — — 4(12)
Acne — — 4(12)
Skin cancer — — 5(18)

#Not applicable.
DHI: digital health intervention.

Nearly every participant of each stakeholder group used a Categories of the Focus Groups
personal computer or smartphone at least once a week and
digital apps such as online banking, instant messengers, and
search engines (Table 1). Every second dermatologist had used
or recommended DHI within the last 12 months before
participating in the focus groups (17/30; 57%). Among nurses,
47% (14/30) worked in practices that had used DHIs within the
last 12 months, but only a minority of patients had any
experiences with DHIs (2/34; 6%).

The following section describes all deductively used constructs
and inductively identified main and subcategories. For some
subcategories, we provide representative quotes. All constructs
(A-E), main categories, and subcategories are presented in
Tables 2-6. Further, 1 representative quote per subcategory is
presented in Multimedia Appendix 3. The letters and numbers
in front of the quotes indicate the focus group (G1 to G6) and
participant number in the respective stakeholder group (P1 to
P6: patient, D1 to D6: dermatologist, and N1 to N6: nurse).

Table 2. Construct A: attitude toward technology.

Main and subcategories Physicians Nurse Patients
Positive
Interest in using digital health interventions _a — /P
Digitalization in the medical field is deemed necessary — v —

Dermatologists are required to participate in digitalization to have a voice in shaping the v/ — —
system

Higher acceptability among younger patients v — —

<
<«
~

Acceptability of digital health intervention if used complementary to in-person consultation

Negative

|
|
<

Not willing to switch dermatologists for lack of offering digital health interventions

Fast pace of digitalization makes life more difficult

< <
|
|

Fear of being replaced by digital health intervention
Older patients prefer personal consultation — v
Nurses prefer personal consultation — v —
Fear of data misuse by third parties v v
Neutral
Patients are unrestrained toward their data privacy v — —
Economic concerns are important for decision-making — v —
Physicians rate personal impressions over evidence v — —

The dermatologist sees no need for adjustments v — —

4«__»: statement related to this subcategory did not occur for this group.

be /. statement related to this subcategory did occur in this group.
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Table 3. Construct B: performance expectancy.

Reinders et al

Main and subcategories

Physicians

Nurse

Patients

Positive

Greater involvement of patient in treatment
Improvement of patient-physician relationship

Promotion of need-based care
Promotion of standardized care
Improvement of follow-up consultations
Support of treatment process through digitized patient data
Reduction of unnecessary travel to medical appointments
Time savings during the treatment process
Usefulness of data for research purposes
Negative
Impersonal patient-physician relationship
Additional workload
Overload of information
Requirement

Technical functionality should result in an added value

Additional value for both patient and physician

/a

NI NEN

<

&</ statement related to this subcategory did occur in this group.
b

Table 4. Construct C: effort expectancy.

“—: statement related to this subcategory did not occur for this group.

Main and subcategories

Physicians

Nurse

Patients

Positive

High digital competencies among nurses

High digital competencies among younger patients

Decreasing proportion of patients with low digital competencies

over time
Negative
Low digital competencies among older patients
Difficulties in assessing the integrity of apps
Low digital competencies among nurses
Initial high effort to implement digital health interventions
Low digital competencies among older physicians
Exclusion of digital illiterate patient groups from care
Requirements
Easy-to-use apps

Easy integration into daily routines

/a

AIENEEN

IERNERN

~

/™. statement related to this subcategory did occur in this group.
b
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Table 5. Construct D: social influence.

Reinders et al

Main and subcategories

Physicians Nurse Patients

Positive
Trust in physicians’ recommendations

Trust in colleagues’ recommendations

Physicians rate colleagues’ recommendations over evidence

Trust in recommendations or digital health developments of or by trustworthy institutions — — v

Trust in recommendations of physician associations
Negative

Dependence on physicians’ acceptance

Dependence on patients’ acceptance

No trust in nurses’ recommendations by patients

<> statement related to this subcategory did not occur for this group.

bee/: statement related to this subcategory did occur in this group.

Table 6. Construct E: facilitating conditions.

Main and subcategories

Physicians Nurse Patients

Facilitators

A single app for different purposes

A single app for the same purpose used by all physicians

Clear data access permissions

Possibility to choose between analog and digital health intervention
Engagement of nurses in digital processes

Patients possess digital devices

General trust in data protection and security

Sufficient reimbursement

Pandemic has accelerated the progress of digitalization

Barriers

|
< S
|

< <
<«
<

Difficult to integrate digital health interventions into busy daily routines v/ v —

Use of outdated technology in practices

High-maintenance of IT infrastructure

Current data protection regulations impede the functionality of digital

health interventions
Insecurity toward data privacy laws
Neutral

Data privacy is very important in medical practices

v _ _
v — v

v — —

<> statement related to this subcategory did not occur for this group.

bee/: statement related to this subcategory did occur in this group.

Attitude Toward Technology

In general, all groups found DHIs acceptable if they serve as a
complement to rather than a replacement of in-person
consultations with dermatologists (Table 2):

So I would find such an app good, but it must be
complementary to the physicians’ consultation and

https://derma.jmir.org/2024/1/e57172

RenderX

not that a doctor would say, “Just look on the app,”
so to speak, in order to shorten parts of the
consultation or the treatment time. [G2, P2]

In addition, patients stated a general interest in using DHI in
the future but would not change dermatologists for not offering
DHIs at their practice (Table 2). Dermatologists also saw
acceptability among patients but mainly in younger patients.
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Nurses emphasized the necessity of digitalization due to the
limited availability of time and resources. However, some nurses
underscored the preference for in-person consultations from
their own and older patients’ perspectives. They additionally
highlighted the importance of economic concerns for a decision
on a DHI.

All groups expressed a fear of data misuse by third parties, but
dermatologists also observed patients having low standards for
their own data protection practices.

So patients are self-indulgent when it comes to
privacy. Of their own accord. They send you naked
photos via WhatsApp. When you get a cell phone,
everyone thinks I'm a child pornographer, because
there are so many baby bums from vacation with
diaper dermatitis on it. So, they are completely,
completely uninhibited. [G5, D1]

Furthermore, for some dermatologists, their personal impression
of a DHI is more important than the scientific evidence. Some
dermatologists thought they were required to participate in the
digitalization process to have a say in shaping the health care
system (Table 2). Other dermatologists expressed pessimism
regarding the digitalization process and emphasized how the
rapid pace of digitalization makes their work more challenging.

They even voiced concerns about digitalization leading to the
replacement of health care professionals.

On the other hand, even as a doctor, you must worry
that this digitalization will eventually replace us. For
example, we know that rheumatologists and
radiologists will soon no longer be able to work
properly because artificial intelligence can make
much better assessments than radiologists. [G6, D4]

Performance Expectancy

Nurses, dermatologists, and patients collectively mentioned
positive performance expectations regarding greater patient
engagement in their treatment and care:

But if it goes the other way, as we just discussed that
we as patients then take a little more responsibility,
and then you can present a condensed summary to
the doctor, then maybe it will make sense. [G5, P2]

All groups also required that DHIs should result in an additional
value for both patients and physicians. On one hand, all 3
stakeholders expected a more impersonal patient-physician
relationship whereas on the other hand, an improvement of the
relationship was discussed by some patients and dermatologists.
Patients mentioned other positive performance expectations
such as reduced unnecessary travel, improved follow-up sessions
(eg, better-prepared patients and practitioners), and the
usefulness of data for additional purposes, such as research.
Although dermatologists recognized potential positive impacts
of DHIs, such as enabling standardized treatment and promoting
need-based care, they stressed the need for technical
functionalities to result in added value. For them, existing
functionalities did not consistently meet this requirement.
Negative effects on dermatologists’ daily work were also
anticipated by this group. For instance, they indicated the
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potential overload of information and additional workload
associated with DHISs:

So 1 think, that will not be a relief. There will be
additional work. For example, most of the patients
with a video consultation, must come into the office
afterwards [...]. So, it costs more time and maybe you
could do it in the evening when you really need to
relax. I already have an (exhausting) day anyway,
and then a video consultation in the evening? [G3,

D6]

This additional workload was also mentioned by some nurses.
Other nurses noted the potential for time savings for both
physicians and patients:

... when it’s digital, the doctor can immediately write

in the medical history, I can prepare the prescription,

the doctor is sitting in the treatment room, I'm sitting

at the reception. He writes it in the medical history,

and I can prepare it at the same time, so ... For the

patient, too, it’s much, much, much shorter in terms

of time. [G5, N5]
The potential of digitized patient data to support a patient’s
treatment process, for example through optimized therapy
decisions, was also identified by nurses.

Effort Expectancy

All 3 stakeholder groups articulated the existence of low digital
competencies among older patients. Dermatologists even
concluded that digitalization would result in the exclusion of
digitally illiterate patient groups from care (Table 4):

In my opinion, 20-30 percent of humanity is still
digitally illiterate. That includes people like my
mother, who somehow managed to crash the Internet
I think three times by now. Not the computer, the
Internet. [G6, D2]

Some dermatologists believe that nurses possess high digital
competencies which are crucial for implementing DHIs, while
others perceive nurses to have low digital competencies. Nurses,
in turn, observed that physicians also exhibited low digital
competencies. Another barrier to the adoption of DHISs, as stated
by some dermatologists, is the challenge of assessing the
credibility and trustworthiness of apps. Nurses described the
high effort that is required to adapt to a DHI in a practice, yet
they emphasized the considerable advantage once the DHI is
successfully implemented:

As with everything that is new at first, it is of course
a lot of work, a huge amount of work for those
involved, but then I think there is also a great benefit
underneath. [...Jat the beginning, of course, it was
new and incredibly difficult, and everyone said, “oh
God, oh God, oh God,” and now everyone expresses
their gratitude, saying, “thank God, we have it better
now.” [G6, N6]

According to nurses, DHIs should be easy to integrate into daily
routines. Dermatologists and nurses agreed on the importance
of ease of use for DHIs.
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Social Influence

Social influence played a role in discussing DHIs for all
stakeholder groups, especially regarding trust (Table 5).
Dermatologists expressed their trust in recommendations from
their physician associations as well as colleagues.
Dermatologists even emphasized trusting the opinions of their
colleagues over scientific evidence:

The most important evidence is still colleagues you
trust and who also have experience, and there you
listen to three, four opinions, and if that goes in one
direction, then you try that. [G2, D5]

Patients place their trust in the opinions of trustworthy
institutions (eg, patient organizations) and dermatologists.
Patients and nurses shared the viewpoint that usage of DHI is
highly dependent on dermatologists’ acceptance:

The physicians [...] play the main role. Because with
him is the main interaction and he is the main person
to whom one would turn, be it digital or otherwise.
So, if the- if the doctor rejects digitalization, then
there’s no point in any of this. So, then it’s a side
event. [G2, P2]

This is supported by patients’ lack of reliance on nurses’
recommendations:

It doesn't matter if it's a recommendation for
something, if it's just a cream for something, if it's
something I say at the front, it's only something she
says. But ...uh... if the doctor says it in the treatment
room, then, then it's great and then it's like that and
then we'll definitely buy it. [G3, N2]

Facilitating Conditions

Sufficient reimbursement of DHIs emerged as an important
facilitator for all stakeholder groups. As additional facilitators
patients and nurses stated that they would like to have a single
app for multiple purposes:

The described applications are all scattered pieces.
1 can make a constellation here, I can get a second
opinion here, I can at best download my prescription
to my cell phone instead of in paper form. Um, I have
to lug doctor’s letters from A to B, then there’s faxing,
so I would prefer an integrated solution, whether
that’s for dermatology or anything else. [G1, P3]

Patients identified technical barriers as hindrances to the
implementation of DHIs such as outdated technology in medical
practices (Table 6). They also emphasized the importance of
clear access permissions to transfer data between physicians.
Nurses were willing to participate in digital processes to support
an easy integration of DHIs in their practices:

I would have liked to offer video consultation hours.
You can also really do it in such a way that a doctor
is present, a nurse is present, and that all the other
things, i.e., writing and doing, i.e., writing materials,
etc., are taken over by the nurse, that's not a problem.
And so that the communication of doctor and patient
takes place, that could have worked. But it shouldn't
be. So yes, too bad. [G3, N3]
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The nurses positively pointed out that nearly all patients possess
digital devices, and they described how the pandemic has
accelerated the digitalization in their practices. Dermatologists
preferred a single, standardized app for a specific purpose that
would be used by all physicians instead of several platforms
with diverse accounts and handling. They identified the
considerable effort required for the IT infrastructure as a key
barrier to the implementation of DHIs. Additionally, both
dermatologists and nurses highlighted the challenge of
integrating DHIs into their already demanding daily workloads
in medical practices:

Well, I haven't done it [store-and-forward
telemedicine] either. I won't do it either. But that’s
usually because of the time factor. If you have so
many functions in addition to your work in the
practice, then you think: Do I still sit down there in
the evening and answer something like that? [GS,

D2]

Nurses generally describe that data privacy is very important
in medical practices. Some dermatologists generally trust
whereas others feel insecure about data protection and security.
Moreover, dermatologists highlighted the negative effect of
current data regulations on the functionality of DHIs.

Discussion

Principal Findings

The current use of DHIs in Germany, both in general and
dermatological care, remains low. Therefore, we conducted a
qualitative focus group study to explore and exploratively
compare patients’, nurses’, and dermatologists’ attitudes,
acceptability, barriers, and facilitators on the implementation
of DHIs in dermatology. Additionally, we exploratively
compared their perspectives. Patients and nurses had a generally
positive stance and optimistic attitude toward digitalization and
assumed largely positive performance expectancies. In contrast,
dermatologists showed more different opinions with some
expressing positive performance expectations, while others
anticipated increased workload and information overload with
the implementation of DHIs. While sufficient reimbursement
and patients owning digital devices were identified facilitators,
insecurity regarding data privacy laws and the difficulty of
integrating DHIs into an already busy day were identified
barriers.

Although our research identified a more negative stance of
dermatologists toward DHIs in comparison to patients and
nurses, quantitative research yielded mixed results [23,39]. It
is important to consider that the acceptability of DHIs is
influenced by the context in which they are used. For instance,
willingness to use teledermatology is lower for severe and acute
conditions compared to minor problems [39].

Independent of the context, dermatologists’ acceptability is
crucial for actual usage, as patients and nurses also pointed out,
and can mitigate barriers, including low patient demand,
problems with the technology, and lack of financial resources
[33,40]. The influential role of dermatologists stems from their
function as gatekeepers in introducing medical innovations,
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including DHIs, into care. Additionally, their positive stand on
a DHI can signal credibility to patients, nurses, and colleagues.
The low acceptability by dermatologists seems to be a barrier
to the implementation of many DHIs. However, improving
physicians’ acceptability could become a facilitator, particularly
as they trust their colleagues’ recommendations and patients
trust their health care providers. To increase acceptability among
physicians, reimbursements should be clarified, and patient
benefits should be aligned with an added value for
dermatologists as proposed by all stakeholder groups in our
study and as found in the literature [41].

In recent years, physicians were required to make financial
investments in the IT infrastructure without a clear perceived
benefit leading to hesitance in adopting new DHIs in clinical
practice [42,43]. Both, the missing positive financial perspective
and missing benefits are established barriers to the introduction
of eHealth interventions [22]. While 98% of outpatient medical
practices are connected to the nationwide telematic
infrastructure, only a minority are satisfied with its services
[44]. Other countries, especially Estonia and Canada were more
successful in establishing an eHealth-infrastructure that allowed
a fast uptake of DHI services by physicians and other health
care providers [45,46]. In addition, physicians in both countries
were financially incentivized to adopt DHIs [45,46].

The infrastructure in Germany is therefore considered a barrier
to the seamless adoption of many DHIs [41]. This resonates
with the cautious perspectives of dermatologists on DHIs in our
study. In addition, the economic and resource advantages for
society, health insurance, or patients, such as reduced follow-up
appointments or travel costs, may not necessarily translate into
added value for dermatologists [47]. These concerns should be
addressed so that physicians are more likely to adopt and
recommend new technologies [48].

Dermatologists and nurses expressed concerns about an
increased workload. Other nurses also identified time savings
as an effect of DHIs. Both perspectives were identified across
other medical fields [22]. The potential increased workload for
dermatologists may be explained by the DHIs not aligning with
working routines or dermatologists needing additional time for
patient care, such as explaining DHI to patients [49]. From
another angle, even successfully implemented DHIs may result
in additional workload as technological progress enables faster
completion of tasks (eg, accelerated patient consultation per
store-and-forward teledermatology), but increases in the number
of tasks (eg, more patients per day). Consequently, actual time
being spent inactive is reduced and time pressure is amplified
(theory of social acceleration) [50]. Yet, the ability to complete
tasks faster may also result in a reduced workload for
dermatologists and nurses.

The true impact of DHIs on the patient-physician relationship
remains uncertain and will largely depend on the extent and the
specific context in which the DHI is introduced [51]. Following
the social acceleration theory, using DHIs can result in increased
but less relationship-building communication between
dermatologists and patients [50]. Time savings, possibly leading
to more available time for individual patients, can also foster a
trusting patient-physician relationship.
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An identified barrier to using DHIs in dermatology is the lack
of digital competencies and knowledge among patients,
practitioners, and nurses. Although internet use and
competencies have increased in the last decade [52,53], 1 recent
European survey estimated that 22% (Norway) to 58%
(Germany) of Europeans have inadequate digital health literacy
levels. Among older and less educated individuals, the
percentage is even higher [54]. To avoid the exclusion of patient
groups (digital divide) [55], participants in our study even
emphasized the need for analog alternatives to DHIs. To increase
adoption rates, digital health literacy skills need to be improved
and services must be adapted to the digital competency levels
of intended users and should always be easy to use [56]. For
physicians, knowledge of DHIs and their evidence base should
be incorporated into medical curricula and continued medical
education [57].

Participants in our study discussed data privacy and security
from different perspectives. For some, data privacy risk was a
reason for the nonusage of DHIs, consistent with findings in
the literature [58]. Conversely, others noted that the enforcement
of data privacy laws hindered the development of effective
DHIs. This might not be generalizable to other countries, as
German citizens have generally stronger concerns regarding
data privacy and protection [59,60].

Furthermore, dermatologists complained about the considerable
maintenance burden of the IT infrastructure, partially driven by
data privacy regulations. Increasing IT costs and dissatisfaction
with IT were also identified in the literature [43,61]. The
difficulties assessing the integrity of DHIs may be explained
by the missing transparency of data privacy policies of many
DHIs [62]. Health data are one of the most sensitive data
requiring an enforced data privacy regulation. However, the
enforcement of data security policies should be balanced in the
sense that data are protected while the usage of the app remains
convenient and useful. Other European countries under the same
regulatory framework, including Estonia, seem to have achieved
this balance [45].

While our study provided valuable insights into the attitudes
toward DHIs from patients’, dermatologists’, and nurses’
perspectives, it is important to acknowledge several limitations
when interpreting our findings. The digital conduction of our
focus groups may have excluded individuals with limited or no
digital competencies. To at least mitigate this limitation, we
followed the STEER recommendations by conducting test calls
to enable individuals with limited competencies to participate
[29]. Furthermore, we established ground rules to ensure a
comfortable and private setting for all participants [29]. Thereby,
we also ensured a smooth discussion. The possibility of social
desirability cannot be completely excluded, but it may have
been low due to the private setting, ensured confidentiality, and
anonymity of the focus groups, as well as the nonsensitive topic
of digital health [63]. Moreover, participants with a digital
background or interest in the topic may have been more
motivated to join the web-based focus groups. Despite efforts
to recruit a diverse range of participants through purposeful
sampling [42], it should be noted that the majority of patients
in our study were well-educated. Additionally, it is important
to mention that the apps discussed in our study were hypothetical
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limiting participants’ ability to fully assess the practical
implications of using these interventions in real-life scenarios,
as only a minority of patients had actual experience with a DHI.
Considering all limitations, including the general qualitative
nature of this study and the fact that it was carried out in
Germany only, the results may not be completely generalizable
to other medical fields and health care systems. However, as
shown, many aspects are also described in the international
literature and the findings may, therefore, be relevant to a wider
audience.

Conclusions

To ensure a successful digitalization process in dermatology,
it is essential to develop easy-to-use apps that bring additional
value to all stakeholders involved. Dermatologists’ acceptance
is crucial as dermatologists can serve as a facilitator in their
role. Incorporating their perspectives during the development
phase can help align future digital interventions with clinical
practices, increasing acceptance and usage.

Reinders et al

Due to the lack of digital health literacy among the population
DHIs should be designed to accommodate different levels.
Analog access options should be provided to prevent the
exclusion of less digitally literate patient groups in the near
future.

Data privacy and security concerns must be taken seriously, as
they are crucial for maintaining trust in digital interventions.
They can function as barriers to interventions’ effectiveness
and cause users’ insecurities. Successful digitalization in
dermatology requires striking a balance on data privacy to allow
for the development of effective interventions.

In summary, our findings can aid researchers, developers, and
decision makers in comprehending diverse stakeholder
perspectives. This can help create successful DHIs and
subsequent implementation strategies, thereby enhancing the
acceptability and uptake of DHIs.
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Abstract

Background: Digital health interventions (DHIs) haye the potential to enhance dermatological care by improving quality,
patient empowerment, and efficiency. However, adoption remains limited, particularly in Germany.

Objective: This study explores German dermatologists’ ‘attitudes toward DHIs, clustering them by acceptance levels and
analyzing differences in sociodemographics and current‘and future DHI use.

Methods: We conducted a cross-sectional survey, andomly inviting 1000 dermatologists in Germany to participate. The
questionnaire consisted of Likert scale items rating the acceptability of DHIs from 1 to 5. Items on the current and future
use of DHIs were also included. Exploratory factor analysis was used to identify factors and reduce data as input for a 2-step
clustering algorithm.

Results: The survey with 170 dermatologists (mean-age 50.8, SD 10.3 y; 55.7% female) identified four factors through
the exploratory factor analysis: (1) “Positive Expectancies and Acceptability of DHIs,” (2) “Dermatologists’ Digital Compe-
tencies,” (3) “Negative Expectancies and Barriers,” and (4) “Dermatologists’ Perspectives on Patients’ Acceptability and
Competencies.” The analysis identified three distinct clusters: Cluster 1: Indecisives (n=69)—moderate intentions to use
DHIs and moderate negative expectations toward them. Cluster 2: Adopters (n=60)—high intentions to use DHIs and high
digital competencies. Cluster 3: Rejectors (n=26)—low intentions to use DHIs and low digital competencies. Adopters were
significantly younger, more often based.in urban centers, and exhibited the highest adoption rates of DHIs compared to
the other clusters. Across all «lusters, inadequate reimbursement and perceived structural barriers were cited as significant
challenges to DHI adoption. Still, only one-third of the Adopters used DHIs including teledermatology or artificial intelligence.

Conclusions: Dermatologists in-Germany exhibited varied levels of acceptance and readiness for DHIs, with demographic
and structural factors influencing adoption. Addressing barriers such as reimbursement and investing in digital literacy could
promote wider use, potentially reducing health inequalities by improving access to digital health care.
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Introduction skin cancer [1,2]. In Germany, approximately 27% of adults
suffer from at least one dermatological condition requiring
specialized care each year, resulting in long waiting times
for patients [3,4]. Additionally, limited capacity also impacts

Dermatology is marked by the presence of prevalent chronic
conditions, including acne, psoriasis, atopic dermatitis, and
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comprehensive patient consultations and the demographic
shift could exacerbate these challenges [5-7].

Digital health interventions (DHIs) are proposed as one
mitigating solution to sustain health care by enhancing quality
of care, efficiency, and empowering patients [8,9]. In this
study, DHIs are defined as health services that use informa-
tion and communication technologies for patients, consumers,
or health care professionals [9,10]. In dermatology, numerous
promising DHIs have already been developed [11], includ-
ing artificial intelligence [12], teledermatology, diagnoses or
monitoring tools [13-16], and patient-targeted applications for
medication adherence [17]. The 2020 consensus guideline
for teledermatology recommends its use for certain indica-
tions but also stresses the necessity for stronger evidence to
evaluate benefits and risks [18]. Currently, no guidance exists
for other applications.

Digitalization of health care in Germany lags behind
that of other European nations [19]. Teledermatology, for
example, is less frequently adopted in Germany [20]. The
complexity of the situation is grounded in the intricacies of
the German health care system, encompassing aspects, such
as missing interoperability, missing incentives for physicians,
and high standards of data protection [21,22].

Apart from the system perspective, the reluctance of
medical professionals to embrace digital health may be
another potential barrier for the implementation [21,22], but
can also function as a facilitator. Their acceptability can
compensate for low patient demand or financial resource
limitations and can additionally improve patient adherence to
these interventions [23-26]. Dermatologists’ overall accepta-
bility of DHIs appears to be lower than that of dermatological
patients [27]. Nevertheless, it is noteworthy that dermatolo-
gists differ in their perspectives and adoption of DHIs, shaped
by various factors including younger age, practicing in urban
settings, positive prior experiences with DHIs; or the social
influence of colleagues [28-30].

The objective of this study was to explore the acceptability
and current and future use of DHIs among dermatologists.
Additional objectives included identifying and describing
clusters of dermatologists based on their acceptability and
examining differences between these clusters and sociodemo-
graphic variables, as well as the curreént and future use of
DHIs.

Decision makers or_developers of DHIs can use these
results to tailor strategies for a sucecessful implementation.

Methods

The consensus-based Checklist for Reporting of Survey
Studies and the Checklist for Reporting Results of Inter-
net E-Surveys were applied [31,32]. The full checklist is
displayed in Checklist 1.

Study Design and Questionnaire

An anonymous cross-sectional
dermatologists was conducted in

survey among German
June 2022. The
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questionnaire was based on existing questionnaires from
the literature, and in particular, on preconducted focus
groups among dermatologists, patients, and nurses (not yet
published). The focus groups dealt with the acceptability,
barriers, and facilitators of digital health interventions in
dermatology using the Unified Theory of Acceptance and
Use of Technology (UTAUT) [33,34]. The questionnaire
development resulted in 27 items related to the acceptability
of DHIs in general (eg, “I could imagine using more digital
applications for the care of my patients”). Five items on
the potential future use of specific DHIs (eg, “medication
reminder application”) and four items-on the benefits and
costs of the nationwide'eHealth Strategy (eg, “The eHealth
Strategy has strengthened patient. care”) were added to the
survey. All items were answered on a 5-point Likert scale
(5=strongly agree; l=strongly disagree). The survey also
included 10 items about dermatologists’ current use (>1 per
wk) of available DHIs (eg, live-interactive teledermatology or
electronic doctor letters) with'a simple “check all that apply”
option.

In addition, sociodemographic information covering age,
sex, type of employment (eg, working in an outpatient clinic
or medical practice), and postcode of the clinic or practice
were collected. The postcode was used to assign additional
regional data to.participants (eg, urban or rural areas). The
questionnaire was tested with 5 dermatologists of the Institute
for.Health Services Research in Dermatology and Nursing
(German: IVDP). The final questionnaire is provided in
Multimedia Appendix 1.

The offline version of this survey was designed to fit two
DIN-A4 pages, while the online version was adapted to six
screens or pages.

Study Population, Recruitment, and Data
Entry

In order to conduct an exploratory factor analysis (EFA;
statistical analysis), we aimed for a minimum sample size of
150 dermatologists [35]. To reach the required sample size,
the questionnaire was randomly distributed to 1000 members
of the German Dermatological Academy (DDA with ~3500
active dermatologists) in June 2022. The DDA comprises
members of the Federal Association of German Dermatol-
ogists (German: Berufsverband der Deutschen Dermatolo-
gen), representing dermatologists from medical practices, and
of the German Dermatological Society (German: Deutsche
Dermatologische Gesellschaft), representing dermatologists
from both outpatient clinics and medical practices. Dermatol-
ogists were asked to participate online via email (Unipark)
receiving one reminder or offline via mail on paper. The
online survey was an open survey (no password protec-
tion). Additionally, participants could review their respon-
ses before submission. The survey was voluntary and no
incentives were offered. The survey was terminated after 8
weeks. The paper-based data were digitized, double-checked,
corrected, and combined with the online data. To prevent
multiple entries by a single dermatologist in the online
survey, participation was tracked using Unipark’s cookie
system. To identify and eliminate further duplicate entries
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from the online and offline survey, demographic information
and postcodes were cross-referenced and thoroughly checked.
No duplicate entries were identified.

Ethical Considerations

The study was submitted to the local ethics committee and
was waived due to its noninvasive and anonymous research.
The study was conducted in accordance with Good Scientific
Practice and the Declaration of Helsinki [36,37].

Statistical Analysis

After conducting a descriptive analysis of all sociodemo-
graphic and geographic parameters, an EFA including all 27
items related to acceptability was performed for two reasons:
(1) for data reduction by identifying underlying factors, also
commonly used and recommended prior to running a cluster
analysis; and (2) to use the underlying factors to closer
describe and explore dermatologists’ acceptability toward
DHIs [38,39].

Adequacy of the EFA for factor analysis was assumed
with a Kaiser-Meyer-Olkin criterion (KMO)=0.8 and
Bartlett’s test of sphericity <0.05. All factors with an
eigenvalue =1.0 were considered. Criteria for retaining an
item was a substantial factor loading (>0.4l) on one factor
and no strong cross-loading onto other factors. Cross-load-
ing was defined as loadings (>0.3l) on another factor and
a difference of at least 0.2 between the loading on the
main factor and the strongest loading on any other factor
[40]. Internal consistencies of the factors were measured by
Cronbach a, where values >0.7 are acceptable, >0.8 are good;
and >0.9 are considered excellent.

To identify distinct clusters of dermatologists that differ
in their acceptability, a combination of hierarchicaland
K-means cluster analysis was applied. The mean scores
(using Likert scale ratings: 1-5) of the factors/were used as
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input variables for the 2 approaches. The hierarchical cluster
approach was used to identify the optimal number of clusters.
Subsequently, a K-means cluster analysis was conducted with
this optimal number. To test on differences between the
identified clusters based on mean scores, a one-way ANOVA
was performed. In order to create a profile of the identified
clusters, first, each item of the EFA (acceptability items)
was binary coded (l=strongly agree or agree; O=neither,
disagree, strongly disagree). Then, a descriptive analysis
was conducted, analyzing each item for each cluster. Next,
chi-square tests were applied for categorical variables to
identify differences in sociodemographic parameters, as well
as current and potential future use of DHIs between clusters.
In case more than 20% of cells. had a count below five,
Fischer’s exact tests were.used. For continuous variables,
one-way ANOVAs were used: A significance level of .05
was applied. Missing rates were reported for all variables. No
imputation methods or weighting methods were applied.

Results

Overview

In the survey; 170 dermatologists participated resulting in a
response rate-of 17% (170/1000 invited dermatologists). In
1314(77.1%) cases, participation took place online. The online
participation rate was 75.7%, calculated as the ratio of unique
visitors who agreed to participate (131) to the total number
of unique visitors who viewed the first survey page (173).
Participants had a mean age of 50.8 (SD 10.3) years, 55.7%
were female, and of 84.2%, the practice or clinic was located
invan urban county or city (Table 1). Missing data on all items
was below 5%, with the exception of sex (10.5%), regional
variation (18.2%), and outpatient clinic or medical practice
(10%).

Table 1. Sociodemographic characteristics of the total population and identified clusters.

Total
population® Rejectors Adopters (Cluster
(n=170) (Cluster 1; n=26) Indecisives (Cluster 2; n=69) 3; n=60) P value
Age group (years), n (%) <.001
25-39 24 (14.9) 0(0) 5(7.8) 17 (29.3)
40-49 33(20.5) 2(83) 14 (21.9) 13(224)
50-59 71 (44.1) 9(375) 39 (60.9) 18 (31)
60 and older 33(20.5) 13 (542) 6094 10 (17.2)
Missing 9 2 5 2
Age, mean (SD) 50.8(10.3) 58.8 (6.7)P¢ 51.4 (7.9)4 46.9 (11.7)b4 <001
Sex, n (%) 33
Female 74 (55.7) 12 (46.2) 25 (37.9) 32(53.3)
Male 93 (44 3) 14 (53.8) 41 (62.1) 28 (46.7)
Missing 18 0 3 0
Regional variation, n (%) 01
Urban county or city 117 (84.2) 11(61.1) 46 (82.1) 51 (91.1)
Rural county 22 (15.8) 7 (38.9) 10 (17.9) 5(89)
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Total
population® Rejectors Adopters (Cluster
(n=170) (Cluster 1; n=26) Indecisives (Cluster 2; n=69) 3; n=60) P value
Missing, n 31 8 13 4
Outpatient clinic or medical practice, n (%) <.001
Medical practice 108 (70.6) 26 (100) 54 (80.6) 28 (46.7)
Outpatient clinic 45 (294) 0(0) 13 (194) 32 (53.3)
Missing 17 0 2 0

15 participants could not be used in the cluster analysis, due to missing values of the used subscores.

bDifferent from Cluster 2 (Adopters); P<.05.
“Different from Cluster 1 (Indecisives); P<.05.
dDifferent from Cluster 3 (Rejectors); P<.05.

Factors of Acceptability

The KMO criterion (0.92) and Bartlett’s test of sphericity
(x*210=2264; P<.001) revealed that the data were appropriate
to conduct an EFA. Four factors with an eigenvalue >1 were
identified (Table S1 in Multimedia Appendix 2). Cronbach
a values (0.93, 0.90, 0.73, and 0.80) indicated at least an
acceptable internal consistency for all factors. The explained
total variance of the EFA was 67.6%. A total of 6 items
were excluded with a factor loading below 0.4. We named the
factors as follows:
* Factor 1: “Positive Expectancies and Acceptability of
DHIs” comprised of 10 items.

* Factor 2: “Dermatologists’ Digital Competencies”
comprised of 5 items.

* Factor 3: “Negative Expectancies and Barriers of DHIs”
comprised of 4.items.

 Factor 4: “Dermatologists’ Perspectives on Patients’
Acceptability and Competencies” comprised of 2 items.

The four mean scores of the factors ranged between 2.9
(SD 0.8) for Factor 4 and 3.5 (SD 0.8) for Factor 2 (Table
2). Ranging from | to 5, higher scores indicate a higher
agreement-with the items of a factor, except for Factor 3,
where it is the other way around.

Table 2. Differences in identified mean scores on acceptability between the clusters.

Rejectors

Total population (Cluster 1) (n=26), " Indecisives (Cluster ~ Adopters (Cluster3) 1 value

(n=170), mean (SD)® mean (SD) 2) (n=69), mean (SD) (n=60), mean (SD) (ANOVA)
Factor 1: Positive 34(0.9) 2.0 (0.6)c4 3.2(0.6)* 4.1 (0.3)¢€ <.001
expectancies and
acceptability of DHIsP
Factor 2: Dermatologists’ 3.5 (0.8) 1.9 (0.7)¢4 3.4(0.6)° 43 (04)°€ <.001
digital competencies
Factor 3: Negative 34(0.5) 38 (03)°d 3.5(04)¢¢ 3.0 (0.5)¢¢ <.001
expectancies and barriers
Factor 4: Dermatologists’ 2.9 (0.8) 2.2(0.7)4 2.7 (0.6)¢° 3.5(0.6)°¢ <.001

perspectives on patients’
acceptability and
competencies

15 participants could not be used in the cluster analysis, due to missing values of the used subscores.

YDHI: digital health intervention.

Different from Cluster 2 (Adopters); P<.05:
dDifferent from Cluster 1 (Indecisives); P<.05.
Different from Cluster 3/(Rejectors); P<.05.

Clusters of Dermatologists According to
Acceptability Levels

After exploring 2-, 3-, and 4-cluster solutions, the hierarchi-
cal cluster analysis recommended the 3-cluster solution as it
provides the best fit based on the K-means evaluation. The
performed ANOVA and subsequent post hoc tests revealed
that all differences between the four mean scores of the three
clusters were significant.

Cluster 1 (n=26, 16.7%) exhibited the lowest willingness
(Factor 2: mean 1.9, SD 0.7) and digital competencies (Factor

https://humanfactors.jmir.org/2025/1/e59757

2: mean 1.9, SD 0.7). Correspondingly, this cluster demon-
strated the highest negative expectancies of DHIs (Factor 3:
mean 3.8, SD 0.3) and low expectations regarding patients’
adequate competencies and willingness to use DHIs (Factor 4:
mean 2.2, SD 0.7).

Cluster 2 (n=69, 44.5%) showed moderate positive
expectancies toward DHIs (Factor 1: mean 3.2, SD 0.6),
along with moderate digital competencies (Factor 2: mean
3.4, SD 0.6) and also moderate negative expectancies (Factor
3: mean 3.5, SD 04). Cluster 2’s expectations of patients’

JMIR Hum Factors 2025 | vol. 12 1e59757 | p. 4
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intention to use DHIs and of patients’ digital competencies
were low (Factor 4: mean 2.7, SD 0.6).

Cluster 3 (n=60, 38.7%) had higher intentions (Factor 1:
mean 4.1, SD 0.3), greater competencies (Factor 2: mean 4.3,
SD 04), and lower, though still moderate, negative expect-
ancies (Factor 3: mean 3.0, SD 0.5) compared to Clusters
1 and 2. The cluster’s opinion about patients’ intention and
competencies was higher, though still moderate (Factor 4:
mean 3.5, SD 0.6).

Based on these differences, we will henceforth refer to
Cluster 1 as Rejectors, Cluster 2 as Indecisives, and Cluster 3
as Adopters in the subsequent sections.

Differences in Sociodemographic
Information Between Clusters

The Adopters (mean age 46.9, SD 11.7 y) were significantly
younger compared to both the Indecisives (mean age 51.4,

https://humanfactors.jmir.org/2025/1/e59757
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SD 79 y; P=.03) and Rejectors (mean age 58.8, SD 6.7
y; P<.001). No significant differences in sex were observed
among the clusters (P=.33). Notably, an association between
regional variation (urban or rural) and the three clusters was
identified (P=.01): the Rejectors had the highest proportion of
participants from rural counties (38.9%), while the Adopt-
ers had the highest percentage of participants from urban
counties or cities (91.1%). In addition, Indecisives (80.6%)
and Rejectors (100%) performed their services primarily
in medical practices, whereas Adopters (53.3%) performed
theirs in outpatient clinics (P<.001).

Acceptability Profiles of the Clusters

The analysis of individual items revealed distinct profiles
of the three clusters on their attitude toward DHIs. The
following paragraphs describe selected items for each factor
and cluster. A comprehensive overview of all item ratings is
presented in Figure 1«
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Figure 1. Cluster profile analyses on an item-by-item level. DHI: digital health intervention.

(1) DHIs can help me to complement the existing
patient care in a meaningful way.

(2) | could imagine using more DHIs for the care of
my patients.

(3) I would recommend DHIs to my patients.

°
§ » (4) | could imagine discussing digitally collected
.g E data from the patient in the consultation session.

-
g ; - (5) DHIs can help me make the consultation more
23 g demand-oriented.
3 L
: ‘E = (6) DHIs can help me improve doctor-patient
:;: E communication.
S (7)  would trust the recommendations of my
professional association regarding DHs.
(8) DHIs can help transfer more responsibility to
patients.
(9) | would trust the recommendations of doctors in
my immediate surroundings regarding DHls.
(10) | would be willing to pay for or invest in DHIs.
_ (11) I would find it easy to use a DHI.
o
::;" 2 (12) | have excellent skills in using digital media
W g ~ (e.g. PC, smartphone, tablet).
w S
& % £ (13)1am personally interested in the topic of digital
‘_9; E.@. medicine.
E®© (14) 1 could easily integrate DHIs into my daily work
a routine.
(15) I have good knowledge in digital medicine.
- (16) The use of DHIs is currently not adequately \v
‘§ reimbursed.
§ E & (17) DHIs can increase the time required for patient
gt g care.
338 %
gz P (18) DHIs can quickly lead to information overload
s ® for me.
1]
o}
2

(19) The IT effort makes me hesitant to use DHIs.

(20) My patients would welcome the use of DHls.

(21) It would be easy for my patients to use a DHI. J < rd

0 20 40 60 80 100
% st I

Cluster: Rejectors (n = 26) 6 strongly agree/agree
Cluster: Indecivise (n = 69)
Cluster: Adopters (n = 60)

on patients’ acceptability
and competencies
(Factor 4)

Dermatologists' perspectives

Nearly all Adopters expressed openness to using (Item 2: daily routines (Item 14: 88.3%; Factor 2). About 45% (Item
98.3%) and recommending DHIs (Item 3: 96.7%) in the 17) feared an increase in the time required for patient care due
future (Figure 1; Factor 1). However, a lower proportion to DHIs, but only a minority saw the effort for IT as a burden
was willing to pay for DHIs (Item 10: 68.3%). They rated (Item 19: 16.7%; Factor 3). A majority agreed that patients
themselves highly in digital media skills (Item 12: 91.7%) would accept DHIs (Item 20: 60.1%), while a minority agreed
and expressed confidence in the easy integration of DHIs into
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that patients would find using DHIs easy (Item 21: 31.7%;
Factor 4).

About two-thirds of Indecisives were willing to use DHIs
in the future (Item 2: 65.2%), but a minority would recom-
mend (Item 3: 24.6%) or invest in DHIs (Item 10: 29%;
Factor 1). Although the majority would find it easy to use a
DHI (Item 11: 66.7%), few considered themselves knowl-
edgeable in digital medicine (Item 15: 29%; Factor 2). The
majority perceived IT effort as a burden (Item 19: 71%),
expressed concerns about DHIs increasing consultation time
(Item 17: 75.4%), and causing information overload (Item
18: 56.5%; Factor 3). Only 21.7% believed patients would
welcome DHIs (Item 20) and 8.7% (Item 21) thought patients
would find them easy to use (Factor 4).

Rejectors scored low in Factor 1, with the highest
agreement rates in trust toward recommendations of other
physicians (Item 9: 30.8%) and professional associations
(Item 7: 26.9%; Figure 1; Factor 1). Only 11.5% (Item
15) agreed to have high competencies in digital medicine
(Factor 2). Almost all Rejectors worried about increased time
requirements for patients (Item 17: 96.2%) and information

https://humanfactors.jmir.org/2025/1/e59757
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overload (Item 18: 96.2%). They perceived high IT effort as a
barrier to DHIs (Item 19: 100%; Factor 3). Only 11.5% (Item
20) believed patients would welcome DHIs and none (Item
21: 0%) thought patients would find them easy to use (Factor
4).

Overall, ratings on items in Factors 1, 2, and 3 were
distinctly different among the three clusters, with the
exception that the majority within all clusters agreed that
DHIs are inadequately reimbursed! (Figure 1; Factor 3).
For Factor 4, Indecisives and Rejectors showed similar low
agreement rates on a per-item level (Figure 1).

Assessment of the Nationwide eHealth
Strategy

In the assessment of the nationwide eHealth Strategy, most
dermatologists across all elusters did not perceive the strategy
as successful (Figure 2)." A.majority within each cluster
concluded that the eHealth Strategy did not enhance patient
care (Indecisives: 75%; Adopters: 59.3%, and Rejectors:
100%).
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Figure 2. Assessment of the nationwide eHealth strategy by cluster. P values indicate the outcome of a chi-square test or Fischer exact tests.

The nationwide eHealth strategy ...

.. has strengthened patient care (P < 0.001)

RejECtors (n i 26) | 1000/0_

0%
Indecisives (n=869) | 75% _ 21% 4.4%
Adopters (n=60) ;| 59% - 31% I 10%
| , B
... has connected practicioners and patients in the healthcare system (P < 0.001)
Indecisives (n=69) | 72% - 18% 10%
,
Adopters (n=60) | 32% . 31% . 37%
) [
.. has provided added value for dermatologists (P < 0.001)
Indecisives (n =69) | 69% - 22% I 8.8%
, I
Adopters (n=60) | 31% . 34% . 36%
1
.. has lived up to the fi nancial expenses (P < 0.001)
Indecisives (n=69) | 71% - 22% 7.4%
Adopters (n=860) | 27% I 37% . 36%
| . |
100 50 0 50 100
Percentage

Response . Strongly disagree D Disagree |:| Neither D Agree . Strongly agree

However, significan tions could still be observed among
the three clusters. All rs disagreed on the strategy
being effective in fostering connections between patients
and providers (100%). The Indecisives shared similar doubts
(75%). This behaved similarly with regard to the strategy
being cost-effective (70.6% disagreement for Indecisives;
100% for Rejectors) and providing added value to derma-
tologists (69.1% disagreement for Indecisives; 96.2% for
Rejectors). In contrast, the “Adopters” were more divided
in their assessment: one-third of the cluster agreed with

https://humanfactors.jmir.org/2025/1/e59757

the statements, another third disagreed, and the remaining
third was inconclusive. For example, 37.1% agreed, 32.3%
disagreed, and 30.6% were inconclusive on the statement
regarding whether the strategy has connected patients and
physicians.

Current Use of DHIs Within Identified
Clusters
The use of common DHIs varied significantly between the

three clusters, except for artificial intelligence (Al) tools for
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diagnostic purposes (range: Rejectors 12%-Adopters 28.3%;
P=.15), electronic patient data (range: Rejectors 0%-Adopt-
ers 16.7%; P=.05), and telemedical supported monitoring
(range: Rejectors 0%-Adopters 5%; P=.09; Figure 3). The
Adopters demonstrated the highest and the Rejectors the
lowest utilization rates across all presented DHIs. A total of
95% of the Adopters reported to communicate via email or
instant messaging with colleagues and 86.7% used email to
communicate with patients. In contrast, only 44% and 50%

Reinders et al

of the Rejectors engaged in these communication methods.
Apart from email communication, less than half of the
Adopters and one-third of the Indecisives used other DHIs.
For example, “Appointment Reminders” were used by 50%
of the Adopters and 26.1% of the Indecisives. The Rejectors
did not use many of the DHIs at all, such as S&F (0%)
and live-interactive teledermatology (0%). Additionally, their
utilization of Al for diagnostic purposes was very low (12%).

Figure 3. Use of digital technology in the last 12 months by clusters. P values indicate the outcome of a chi-square test or Fischer exact tests. Al:

artificial intelligence.

E-mail or instant communication with P <0.001
colleagues 95.0
E-mail or instant communication with P <0.001
patients
Video communication with colleagues P <0.001
Appointment reminder P<0.001
Electronic doctor's letter P<0.001
S&F teledermatology P<0.001
Al tools for diagnostic purpose P=0.155
0.0 _
Live-interactive teledermatology 15.9 P=0.007
28.3
0.0
Electronic data of patients 10.1 P=0.054
16.7
0.0
Telemedical supported monitoring | 0.0 P=0.091
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Future Intention to-Use DHIs Within
Identified Clusters

When considering the potential use of DHIs for their patients
in the future, significant differences were identified among
the three clusters (Figure 4). Between 80% (patient diaries)
and 97% (medication reminder) of Adopters were willing
to use 4 out of 5 described interventions. In contrast, only
55% (medication reminders) to 66% (education portals) of

https://humanfactors.jmir.org/2025/1/e59757

Indecisives can imagine using or recommend specific DHIs
more often than currently. Rejectors had low potential use
rates ranging from 19% (for digital anamnesis) to 35% (for
education portals). While a slight majority of Adopters (53%)
could envision to use digital triage, 33% were undecided.
However, 20% of the Indecisives could imagine using digital
triage, while 41% were undecided. In contrast, 85% of the
Rejectors disagreed on using digital triage in the future.
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Figure 4. Potential future use of digital health interventions by clusters. P values indicates the outcome of a chi-square test.
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Principal Findings

This study aimed to explore dermatologists’ acceptability
of DHIs, as well as their current and potential future use.
Further, clusters were identified according to their level
of acceptability and differences were examined between
the clusters and sociodemographics, as well as DHI cur-
rent and future use. The current use barely exceeded 30%

https://humanfactors.jmir.org/2025/1/e59757

purposes, and electronic patient data, even among willing
dermatologists.

Overall, acceptability was moderate but varied signifi-
cantly among the identified clusters. We recognized a cluster
of dermatologists with high acceptability (Adopters), another
similar-sized cluster with moderate acceptability (Indeci-
sives), and a third minority with low acceptability (Rejectors).
Indecisives and Rejectors perceived negative expectancies
following the introduction of DHIs (eg, workload increase)
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and mostly questioned patients’ willingness and competence
to use them. Adopters were younger, and more commonly
practicing in urban settings and outpatient clinics compared to
Rejectors. Satisfaction with the nationwide eHealth strategy
was generally low, although perspectives among Adopters
were more divided. Current and future use of DHIs depended
on the type of DHI and cluster, with Adopters showing higher
rates.

Significant inequalities in DHI adoption between clusters
indicate the presence of a second-order digital divide
(disparities in digital competencies and acceptability toward
DHIs) [41,42]. The more common adoption of DHIs among
younger and urban dermatologists has already been identi-
fied [30]. This difference can contribute to existing health
inequities, by impacting access to health care and potentially
even health outcomes [43]. It is crucial to closely monitor the
impact of further DHI adoption in dermatology and address
any potential health disparities.

In general, inadequate knowledge, as perceived in the
survey, is a recognized barrier to the adoption of DHIs
[22.44]. Integrating education on digital medicine into
medical curricula and continuing medical education programs
is, therefore, a potential approach to increase use and mitigate
the digital divide [45]. As the health care system undergoes
digital transformation, investing in digital health education is
crucial [46].

The survey identified structural barriers to the wide-
spread adoption of DHIs, including inadequate reimburse-
ment and incentives, workload concerns, and IT infrastructure
challenges. In addition, the inadequate nationwide eHealth
infrastructure [47], as also noted by dermatologists. in
our survey, hinders the seamless integration of DHIs, for
example, in teledermatology due to problems with electronic
prescriptions and lack of access to patient records. [2148].
These factors may help explain why the adoption rate of
innovative technologies, including teledermatology, remained
below 30% even among willing adopters. To address these
challenges, developers and decision makers. must prioritize
aligning the eHealth infrastructure with practitioners’ needs,
as seen in other European countries [19]. Incentivizing
physicians, alongside involving them in the development
process more frequently to reduce concerns, can be a focus
to increase DHI uptake [21].

The limited availability of DHIs may also contribute to
the relatively low adoption rates, even among those catego-
rized as Adopterss In Germany, for instance, store-and-for-
ward teledermatology. platforms primarily focus on diagnosis
[15,16 49], with limited emphasis on triage or referrals [14]
and follow-up of patients with chronic conditions [13].
This limitation restricts the' broader use of the technology
for different patient groups. Additionally, patient electronic
health records remain incompletely implemented [19] and
there is a shortage of patient applications capable of either
generating (eg, heart rate) or supporting patients in generating
(eg, patient-reported outcomes) health data. Conversely, the
swift uptake of Al applications, even among those catego-
rized as Rejectors, underscores the benefits of this technology

https://humanfactors.jmir.org/2025/1/e€59757
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for dermatologists [50]. Our research suggests that most
Adopters and the majority of Indecisives express a desire to
use and recommend specific DHIs more frequently, highlight-
ing the need for increased availability of evidence-based
DHIs.

The perspective that patients would not welcome or
find DHIs easy to use aligns with evidence that over
70% of the German population lacks adequate digital
health competencies [51]. Patients/ also demonstrate low
to moderate acceptability toward DHIs [34,52-54]. Other
research contradicts those findings suggesting that derma-
tological patients even have a higher acceptability toward
DHIs in comparison to dermatologists [27]. Nevertheless,
physicians and nurses can provide wvital guidance, given
their significant influence on. patients [23,25,26]. Notably,
Adopters recognized this role, expressing a willingness to
recommend DHIs despiteacknowledging patients’ overall
lack of digital competencies. This proactive stance should be
complemented by health insurers, who also have a responsi-
bility to promote DHIs and enhance digital literacy to ensure
their appropriate utilization [55]. Such efforts are aligned with
insurers’ interests in supporting cost-effective health care
services [55].

One key distinction we found is that Adopters are more
commonly affiliated with a hospital-connected outpatient
clinic, while the majority of the other clusters involve
self-employed dermatologists in medical practices. This may
explain the differences in opinions on costs, reimbursements,
or_investments. Physicians in outpatient clinics may be less
concerned with IT costs and IT investments than physicians
in private practices as they do not have to organize or pay
themselves [57].

Similar to other studies on acceptability toward digitaliza-
tion, it is important to consider the Intention-Behavior gap
when interpreting the survey results. Here, intending to adopt
to DHIs in the future may not guarantee increased actual
adoption in the future [58]. Additionally, while an association
has been observed between a group exhibiting high accept-
ability (Adopters) and their current adoption of DHIs, the
cross-sectional nature of the study means that the direction of
this association remains ambiguous and cannot be extrapola-
ted into the future.

Limitations

The survey has further limitations. Only 170 dermatolo-
gists participated out of over 6000 practicing dermatolo-
gists, of which 3500 were organized in the DDA and
1000 were invited [59]. Additionally, while dermatologists
were randomly invited, our survey exhibited an overrepre-
sentation of dermatologists in the medium age group (50-
59 years), with younger dermatologists (40-49 years) and
older dermatologists (60+) being underrepresented [59]. This
observation is particularly significant considering the age
differences identified between the clusters, where younger
participants are more commonly affiliated with the Adopters
cluster and older participants with the Rejectors cluster. The
survey is also prone to voluntary participation, which might
have attracted dermatologists with more extreme views on
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health care digitalization. Hence, the sizes of the clusters
and other findings may not be fully generalizable to the real
world. We also did not account for the potential integra-
tion of certain DHIs, such as the use of Al to preanalyze
images submitted through store-and-forward teledermatology.
Future research should therefore explore the impact of Al on
perceptions and attitudes toward DHIs [54].

A factor analysis was conducted, as recommended, to
reduce data dimensionality before performing the cluster
analysis [39]. Exploratory factor analysis was chosen instead
of confirmatory factor analysis, as no theoretical assumptions
about item interactions were made. The approach limits the
comparability with other research on acceptability [33,34]. In
addition, it is often recommended to conduct a confirmatory
factor analysis following an EFA [60]. However, our sample
size was not large enough to split the dataset to allow for a
subsequent analysis. Despite this limitation, EFA calculations
were deemed appropriate based on the KMO criterion and
Bartlett’s test of sphericity, resulting in factors with accepta-
ble internal consistency [40]. To validate the findings of our
research, the results could be further explored by conducting
qualitative interviews with dermatologists and employing a
mixed methods approach [61].

Conclusions

The survey results indicate that dermatologists’ overall
acceptability toward digital health interventions is moder-
ate. However, a sizable cluster expresses a high willingness
to incorporate these interventions and recommend them to

Reinders et al

patients. Two other distinct clusters exist: one indecisive
about health care digitalization and another rejecting digital
health interventions.

The observed variation in actual adoption rates among
clusters suggests a nuanced relationship between willingness
and the implementation of DHIs. Dermatologists who express
willingness are more inclined to adopt DHIs more frequently.
However, despite this willingness, overall use rates remain
moderate. This may be attributed, in part, to several struc-
tural barriers, including inadequate reimbursement, insuffi-
cient IT infrastructure, limitations of the nationwide eHealth
infrastructure, and the limited availability of DHIs.

A notable perception among. dermatologists, especially
those with low acceptability, is the perceived low patient
willingness and competency tregarding digital health. This
points to efforts needed.to enhance digital literacy among
patients. It is imperative for all stakeholders in the health care
system, including health insurers, to invest in initiatives to
improve patient education and empowerment in digital health.

Additionally, prioritizing education for health care
providers on digital health and involving them early in the
development of DHIs could mitigate potential disparities in
digital health.

Addressing all the mentioned barriers could improve
the aceeptability and use of DHIs among dermatologists,
particularly among those who are indecisive, thereby
enhancing the integration of DHIs to support patient care.
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Abstract (max. 350 words)

Background: Germany’s adoption of Digital Health Interventions (DHIs) in care lags behind other
nations. One reason may be patient concerns. This study aimed to assess patients’ acceptability

of DHIs in dermatology and to identify related patient clusters .

Methods: A cross-sectional, quantitative survey on acceptability and (future) usage of DHIs was
conducted nationwide among patients with chronic dermatological conditions based on prior
gualitative research. Exploratory Factor Analysis (EFA) identified key constructs and patients

were grouped using a two-step clustering algorithm.

Results: The EFA used data of 344 patients (M 52.5 years, SD 14.8; 74.0 % female) and revealed
four factors (F): (F1) "Acceptability of DHIs and Trust", (F2) "Patients’ Digital Health
Competencies", (F3) "Digital Health Insecurities", and (F4) "Positive Impact of DHIs". Cluster
analysis resulted in four groups: "Digital Sceptics" (n = 49) showed low usage intentions (F1),
moderate competencies (F2), and insecurities (F3). "Cautious Adopters" (n = 106) exhibited high
acceptability (F1; M 3.9; SD 0.4) and competencies (F2), alongside moderate insecurities (F3).
"Digital Enthusiasts" (n = 98) demonstrated the highest intention (F1), competencies (F2), and
perception of positive impact (F4). "Adopters Unsure About Impact" displayed high usage
intentions (F1; M 3.9; SD 0.6), but moderate perception of positive impact (F4). “Digital
Enthusiasts” were significantly younger than “Digital Sceptics” and “Adopters Unsure About
Impact”. Overall, only a minority of patients used DHls, including store-and-forward
teledermatology (Sceptics: 2.0 % to Enthusiasts: 7.0 %) or electronic patient records (Skeptics:

6.4 % to Enthusiasts: 19.4 %). Usage varied among clusters, with “Digital Enthusiasts” and
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“Adopters Unsure About Impact” showing the highest usage rates. With the exception of the

"Digital Sceptics", the majority of clusters was willing to use all presented DHIs more commonly.

Conclusions: Four patient clusters with varying attitudes towards DHIs were identified. Despite a
general willingness to adopt DHIs in three out of the four clusters, actual usage remains low,
suggesting the need to address systemic barriers such as availability of DHIs and digital

competencies.

Keywords: Acceptability, Digital Health Interventions, Patients, Dermatology, Patients’

Perspective



55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

Background

Dermatology is characterized by the widespread occurrence of skin conditions, including chronic
frequent skin diseases such as acne, psoriasis, atopic dermatitis, and skin cancer2. In Germany,
approximately 27 % of adults are affected by at least one dermatological condition annually. This
results in a high caseload, causing prolonged waiting times for appointments®*. Moreover, the

restricted capacity is considered to be intensified by the demographic transition*~.

Proposed as a solution for sustainable health care, digital health interventions (DHIs) aim to
improve the quality of care, enhance efficiency, and empower patients®. In this study, DHIs refer
to health services that use information and communication technologies for patients, consumers,
or healthcare professionals®°. In dermatology, many promising DHIs have already emerged??,
including artificial intelligence applications'?, teledermatology for referrals, diagnoses, or the
monitoring of skin diseases!>'°, and patient-oriented applications aimed at improving
medication adherence!®. While the 2020 teledermatology consensus guideline supports the use
of teledermatology for certain indications, it also emphasizes the need for more robust evidence

to assess associated benefits and risks!’.

Despite the presence of existing DHIs, healthcare digitalization in Germany lags behind that of
other Western nations'®. In Dermatology, even in the height of the COVID-19 pandemic only a
limited number of dermatologists integrated DHIs into care®?°, In addition, the usage by patients
with skin diseases is relatively low, for example only 10 % used an electronic patient record 2. The

intricacies of the German healthcare system contribute to the complexity of low DHI
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implementation rates, involving factors such as the absence of interoperability, high standards

of data protection, or the lack of incentives for clinics and outpatient practices??.

Other reasons for the low usage rate of DHIs described by dermatologists may be low patients’
acceptability for DHIs and limited patients’ digital competencies?3. Some publications, however,
reveal a sufficient to high acceptability for DHIs and sufficient digital competencies?!242>,
However, studies are limited either by a small sample size, the focus on one dermatological

indication, higly selected patients or by limited items to closer explore patient acceptability.

With our study, we seek to add to the existing literature by examining the acceptability and
current/future usage of DHIs among patients with chronic skin diseases. Additional objectives
include identifying distinct patient clusters based on their acceptability and exploring their

associations with sociodemographic variables and DHI adoption.

Methods

The Consensus-Based Checklist for Reporting of Survey Studies was used to report the study?.

The checklist is available in Supplement 1.

Study Design and Questionnaire

In March 2022, an anonymous cross-sectional survey was distributed among patients with
chronic skin diseases in Germany. The survey was constructed based on results from previously
conducted focus groups involving dermatologists, patients, and nurses as well as findings from

existing literature. The objective of the focus group study was to explore the acceptability of,
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barriers to, and facilitators of DHIs in dermatology?®. Building upon these outcomes, we
developed statements and matched them with questionnaires from the literature?t2728,
Thereby, we developed 31 items related to acceptability (e.g., “l could imagine using more digital
applications for my condition”). Based on the systematic literature mapping!?!, eleven items on
the potential future usage of specific DHIs were incorporated (e.g., teledermatology or electronic
patient diary). Respondents rated all items on a five-point Likert scale (1 — strongly disagree; 5 —
strongly agree); the numbers were not visible while responding. In addition, the survey asked
about the current usage of the same eleven specific DHIs, to be answered with “Yes”, “No”, or “I

do not know”.

Sociodemographic items included age, sex, education, and postal code. The latter was used to
allocate supplementary regional information (e.g., urban or rural classification) to the
participants. The survey also included items about the patients’ dermatological conditions (such
as psoriasis, atopic dermatitis, vitiligo, skin cancer, and hidradenitis suppurativa), duration since
the onset of symptoms and diagnosis, self-perceived health using the first item of the SF-36%°,

and details regarding the attending physician.

The questionnaire was pretested with members of a patient association named Deutscher
Psoriasis Bund e.V. (engl.: German psoriasis association). The items of the final survey are

provided in Supplement 2.

Study Population, Recruitment, and Data Entry
To conduct an exploratory factor analysis (EFA), as described in the statistical analysis section,

we aimed for a minimum sample size of 150 patients3°. To enhance the generalizability of our
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findings, we included patients diagnosed with several chronic skin diseases, including psoriasis,
vitiligo, hidradenitis suppurativa, atopic dermatitis, and skin cancer. Patient recruitment was
conducted online through various patient self-help organizations and patient advocacy groups,

namely the

Deutscher Psoriasis Bund (engl.: German psoriasis association) for psoriasis

(approximately 1700 members invited via email),

e Deutscher Vitiligo Bund (engl.: German Vitiligo Association) for vitiligo (approximately 250
members invited via mail),

e MulleWupp e. V. (engl.: local dialect for mole) for hidradenitis suppurativa (post in
Facebook-group with approximately 900 members),

e Deutscher Allergie und Asthmabund (engl.: German Allergy and Asthma Association) for
atopic dermatitis (approximately 1000 members invited via mail),

e SHG Hautkrebs Hamburg.info (engl.: Self-help group skin cancer Hamburg.info) for skin
cancer (approximately 400 members invited via mail),

e and Melanom-Info Deutschland (engl.: Melanoma-Info Germany) for skin cancer (post in

Facebook group with approximately 8000 members).

The online survey was conducted via Unipark and terminated 12 weeks after the first
organization invited its participants. To prevent multiple entries by a single patient, participation

was monitored using Unipark’s cookie system.
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Ethics Approval

The study was submitted to the local psychological ethics committee (Lokale Psychologische
Ethikkomission am Zentrum fiir Psychosoziale Medizin) and received approval (LPEK-0407). It was
conducted in adherence to the principles of Good Scientific Practice and the Declaration of

Helsinki3132.

Statistical Analysis

Following a descriptive analysis of all sociodemographic and geographic parameters, an
exploratory factor analysis (EFA) was conducted on all 31 items related to acceptability for two
primary reasons: (1) data reduction by identifying underlying factors and (2) using the factors to
better describe the acceptability of patients33. Adequacy for EFA was assumed with a Kaiser-
Meyer-Olkin (KMO) criterion > 0.8 and Bartlett’s test of sphericity < 0.05. Factors with an
eigenvalue > 1.0 were considered and items were retained based on substantial factor loading
(>10.4]) on one factor, without strong cross-loading onto other factors. Cross-loading was
defined as loadings (>]0.3|) on another factor, with a difference of less than 0.2 between the
loading on the main factor and the strongest loading on any other factor34. Internal consistencies
of factors were assessed using Cronbach’s alpha, with values > 0.7 considered acceptable, > 0.8

considered good, and > 0.9 considered excellent.

To detect distinct clusters among patients with chronic skin diseases varying in acceptability, a
combination of hierarchical and K-means cluster analyses was employed. The mean scores (using
Likert scale ratings: 1 — 5) of the factors served as input variables for both approaches. The
hierarchical cluster method determined the optimal number of clusters, and subsequently, a K-

means cluster analysis was conducted based on this optimal number. To examine the differences
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among the identified clusters in terms of mean scores, a one-way analysis of variance (ANOVA)
was performed. To profile the identified clusters, each item from the EFA was binary coded (1:
fully agree/agree; 0: partly, disagree, fully disagree). Then, a descriptive analysis was performed,
examining each item for each cluster. Chi-squared tests were applied for categorical variables to
reveal associations between clusters and sociodemographic parameters. If more than 20 % of
cells had a count below five, Fisher’s exact tests (FET) were used. The one-way ANOVA was
employed for continuous variables. A significance level of 0.05 was used and missing rates were

reported for all variables. No imputation or weighting methods were applied.

Results

A total of 344 patients with at least one of the pre-defined dermatological conditions participated
in the survey. They were on average 52.5 years old (SD 14.8), with 74.0 % being female, 75.9 %
residing in an urban county or city, and 58.9 % having a high level of education (see Table 1). The
five included dermatological indications included psoriasis (39.0 %), atopic dermatitis (23.3 %),
hidradenitis suppurativa (21.2 %), vitiligo (9.0 %), and skin cancer (7.6 %). A significant proportion
of the participants (65 %) had been living with their dermatological condition for over 10 years,
with an average duration of 23.9 years (SD 19.5). Only 18 % rated their health as excellent or very
good, while 36.6 % rated it as fair or poor. The rate of missing data was below 5 % for all items,
except for regional variation (21 missings, 6.1 %), education (18 missings, 5.2 %), and time since

the first diagnosis (18 missings, 5.2 %).

>>> Please insert Table 1 here. <<<
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Factors of Acceptability

The suitability of the data for conducting an EFA was confirmed by the KMO criterion (0.90) and
Bartlett’s Test of Sphericity (X? (df: 171) = 3335, p < 0.001). Four factors with eigenvalues greater
than 1 were identified (see Supplement 3), with calculated Cronbach’s Alpha values (0.89, 0.82,
0.79, and 0.91) indicating at least acceptable internal consistency. The following factor names

were assigned:

e Factor 1: “Acceptability of DHIs and Trust” comprised 10 items
e Factor 2: “Patients’ Digital Health Competencies” comprised 6 items
e Factor 3: “Digital Health Insecurities” comprised 5 items

e Factor 4: “Positive Impact of DHIs” comprised 5 items

Mean scores could range from 1 to 5, where higher scores indicated a higher agreement with the
underlying items. In factors 1, 2, and 4, higher scores reflect more positive perceptions, whereas
in factor 3, higher scores reflect more negative perceptions, in line with the connotations of the
underlying items. The mean scores for factor 1 and factor 4 were moderate to high (Factor 1: M
3.9, SD 0.7; Factor 4: M 3.6, SD 1.0), while the mean score for factor 2 was high (M 4.0, SD 0.7),

and the one for factor 3 was low (M 2.4, SD 0.4) (see Table 2).

>>> Please insert Table 2 here. <<<

Clusters of Patients Based on Acceptability Levels
The optimal solution, determined through hierarchical cluster analysis, resulted in a four-cluster
classification. Subsequent ANOVA and post hoc tests confirmed significant variations across all

four subscales (Table 2).

10
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Cluster 1 (n = 49; 15.6 %) demonstrated moderate ratings for acceptability and trust (Factor 1; M
2.8,5D 0.6) and competencies (Factor 2: M 3.2, SD 0.7), along with low expectancies for a positive
impact of DHIs (Factor 4: M 2.2, SD 0.6). All factors were rated significantly lower compared with
the other three clusters. Additionally, digital insecurities were moderate (Factor 3: M 3.0, SD 0.6)

and significantly higher than those in clusters 3 and 4.

Cluster 2 (n = 106; 33.7 %) showed moderate to high mean scores in acceptability and trust
(Factor 1: M 3.9, SD 0.5), competencies (Factor 2: M 3.8, SD 0.5), and expectancies of a positive
impact (Factor 4: M 3.8, SD 0.5). Acceptability and trust were significantly lower than in Cluster
3, and competencies and positive expectancies were lower compared to clusters 3 and 4. Digital
insecurities (Factor 3: M 2.9, SD 0.5) were moderate and significantly higher than those in clusters

3 and 4.

Cluster 3 (n =98; 31.1 %) displayed the highest ratings on acceptability and trust (Factor 1: M 4.5,
SD 0.3) as well as expectancies of a positive impact of DHIs (Factor 4: M 4.5, SD 0.5) among all
clusters. Digital competencies were also rated high (Factor 2: M 4.5; SD 0.4), whereas digital
insecurities were low (Factor 3: M 1.8, SD 0.5). Both mean scores were significantly higher than

those of clusters 1 and 2.

Cluster 4 (n = 62; 18.0 %) was similiar to cluster 2 in terms of acceptability of DHIs and trust
(Factor 1: M 3.9; SD 0.6), and to cluster 3 in terms of competencies and insecurities (Factor 2: M
4.3,SD 0.5; Factor 3: M 1.7,SD 0.5). However, cluster 4 (Factor 4: M 2.8, SD 0.6) had a significantly
lower perception of the potential positive impact of DHIs than clusters 2 (M 3.8, SD 0.5) and 3 (M

4.5,SD0.5).

11
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For clarity, we refer to clusters 1, 2, 3, and 4 as "Digital Sceptics", "Cautious Adopters", "Digital

Enthusiasts", and "Adopters Unsure About Impact" in subsequent sections.

Sociodemographic and Health-Specific Differences of Clusters

In terms of sociodemographic parameters, the cluster analysis revealed significant differences
among the identified groups (Table 1). "Digital Enthusiasts" (M 47.1 years; SD 13.8) were notably
younger than both “Digital Sceptics" (M 59.2 years; SD 13.0) and "Adopters Unsure About
Impact" (M 55.5 years; SD 13.6) (see Table 3). "Cautious Adopters" were younger compared to
"Digital Sceptics" (M 49.8; SD 14.5 vs. 59.2 years; SD 13.0). No statistically significant sex or
geographical variations were observed. A significant association was noted in the educational
level with "Digital Enthusiasts" and "Adopters Unsure About Impact" having a higher level of
education (70.4 % and 71.9 %) compared with "Digital Sceptics" and "Cautious Adopters" (45.8

% and 46.5 %).

A significant association was identified between the cluster assighment of psoriasis and
hidradenitis suppurativa. Participants diagnosed with psoriasis were more prevalent in the
"Digital Sceptics" (46.9 %) and "Adopters Unsure About Impact"” (50.0 %) clusters, whereas those
diagnosed with hidradenitis suppurativa had a larger proportion in the "Cautious Adopters" (25.5
%) and "Digital Enthusiasts" (29.6 %) clusters. The time since first diagnosis varied significantly
among the four clusters. Specifically, "Digital Sceptics" had a significantly longer time since first
diagnosis (M 34.7 years; SD 21.2) compared to "Cautious Adopters" (M 23.0 years; SD 19.7) and
"Digital Enthusiasts" (M 17.8 years; SD 17.1) (Table 1). In addition, “Adopters Unsure About
Impact” had a significantly longer time since diagnosis than “Digital Enthusiasts” (M 26.9 years;

SD 16.6 vs. 17.8; SD 17.1).

12
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Acceptability of DHIs Within Identified Clusters
The subsequent paragraphs offer a detailed description of items revealing unique profiles for
each of the four clusters in their acceptability towards DHIs. A comprehensive summary of the

ratings for all items is presented in Figure 1.

>>> Please insert Figure 1 here. <<<

“Digital Sceptics” demonstrated low agreement rates on items within factor 1, ranging from 8.2
% (Item 9: trust in recommendations of other patients) to 55.1 % (Iltem 8: release of data to my
attending physician) (Figure 1; Factor 1). Regarding factor 2, participants self-reported low digital
skills (Item 11: 26.5 %) but also proficiency in finding useful online information (Item 16: 83.7 %)
and the ability to distinguish reliable from questionable information (Item 14: 65.3 %) ( Figure 1;
Factor 2). “Digital Sceptics” expressed concerns about the potential misuse of their data (Item
17: 71.3 %) (Figure 1; Factor 3). However, the group did not feel intimated by the internet (ltem
21: 14.2 %) (Figure 1; Factor 3). Ratings on the positive impacts of DHIs were low, with no one in
the cluster expecting DHIs to enhance confidence in therapy for their disease (Item 23: 0.0 %)

(see Figure 1; Factor 4).

The "Cautious Adopters" and "Adopters Unsure About Impact" displayed high ratings in factor 1.
Both believed that applications could be a useful addition to existing care (Item 1; "Cautious
Adopters": 88.7 %; "Adopters Unsure About Impact": 88.7 %) but were uncertain about support
from their immediate environment to use DHIs (ltem 11: " Cautious Adopters ": 25.5 %, "
Adopters Unsure About Impact ": 21.0 %). Among "Adopters Unsure About Impact”, ratings on

competency items in factor 2 (see Figure 1) were high, while the "Cautious Adopters" had lower

13
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agreement rates with items in this factor. For example, 59.4 % of "Cautious Adopters" considered
themselves able to distinguish reliable from questionable data (Item 14), whereas 82.3 % agreed
among the “Adopters Unsure About Impact” (Figure 1; Factor 2). In factor 3, the "Cautious
Adopters" expressed significant concerns about potential data misuse (67.9 %; Item 17),
compared to the "Adopters Unsure About Impact" (22.3 %). Overall, this latter group showed low
agreement rates across factor 3. For example, only 1.6 % agreed with the statement that DHIs
could make them feel insecure about their disease (Iltem 19). In contrast, regarding the positive
impact of DHIs (Figure 1; Factor 4), "Cautious Adopters" revealed higher agreement rates, ranging
from 56.6 % (Item 23: strengthening confidence in therapy) to 85.8 % (ltem 22: better
preparation for consultations with their doctor). In comparison, "Adopters Unsure About Impact"
reported lower rates, varying from 8.1% (Iltem 24: support in managing their disease) to 50.0 %

(Item 22: strengthening confidence in therapy).

The "Digital Enthusiasts" showed high acceptability ratings in all factors (see Figure 1). Agreement
rates for most items in factors 1, 2, and 4 ranged from 85 % to 100 %. An exception was noted in
factor 1, where 74.5 % trusted recommendations from other patients (Item 9), and 58.2 %
believed that people in their environment would support DHIs (Item 11). Ratings on items in
"Digital Health Insecurities" (see Figure 1; Factor 3) were generally low; e.g., only a minority

expressed concerns about possible data misuse (ltem 17: 16.3 %).

Overall, the majority of participants across all clusters agreed that they should be able to grant
their attending physician access to read their data (Item 8; Factor 1; Range: 55.1 % — 89.9 %) and
that they are aware of where to find useful health information online (Item 16; Factor 3; Range:

83.7 % — 95.2 %).
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Usage of DHIs Within Identified Clusters

"Digital Sceptics" consistently demonstrated low usage rates across all DHIs. In contrast, both
"Adopters Unsure About Impact" and "Digital Enthusiasts" had the highest usage rates (see
Figure 2). For example, 72.6 % (“Adopters Unsure About Impact”) and 74.2 % (“Digital
Enthusiasts”) used online information portals. "Cautious Adopters" showed comparable rates to
"Adopters Unsure About Impact" in certain DHIs, such as online applications for patient exchange
(38.7 % vs. 36.8 %), but markedly lower adoption in others, such as email communication with
treating physicians (40.3 % vs. 24.5 %). DHIs that facilitate communication with physicians,
excluding e-mail, were generally infrequently used. For instance, S&F teledermatology was used
by 7.1 % of "Digital Enthusiasts" and 2.0 % of "Digital Sceptics". The official electronic patient
record (ePA) also demonstrated low usage across all clusters, ranging from 6.4 % in "Digital

Sceptics" to 19.4 % in "Digital Enthusiasts".

>>> Please insert Figure 2 here. <<<

Potential Future Usage of DHIs within Identified Clusters

When contemplating the potential future usage of interventions, only about one-third of the
“Digital Sceptics” (Cluster 1) showed interest in using 7 out of the 11 DHIs more frequently.
Exceptions included education portals (65.3 %), appointment reminders (57.1 %), the online
pollen count forecast (43.8 %), and email communications (42.9 %). In contrast, the clear majority
within the three adopters’ clusters (Clusters 2 —4) expressed a willingness to more often use DHIs
(see Figure 3). For 5 out of the 11 presented DHls, at least two-thirds within each adopter’s cluster

indicated an openness to increased usage. The DHIs with the highest agreement rates among
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326

adopters’ clusters were online information and educational portals (“Cautious Adopters”: 86.7 %
to “Digital Enthusiasts”: 97.9 %), appointment reminders (“Cautious Adopters”: 84.9 % to “ Digital
Enthusiasts”: 95.9 %), and the ePA (“Cautious Adopters”: 75.2 % to 90.7 %). Within the "Digital
Enthusiasts", rates for 10 out of the 11 presented DHIs consistently exceeded 75 %, reaching as

high as 97.9 % for the potential future usage of education portals for their disease.

>>> Please insert Figure 3 here. <<<

Discussion

The objective of this study was to investigate the level of acceptability as well as the current and
potential future usage of DHIs among patients with skin diseases. Further, clusters were
identified according to their level of acceptability as well as their associations between
sociodemographic characteristics, current, and future uage of DHIs. A majority of patients and
three out of four identified clusters (“Cautious Adopters”, “Digital Enthusiasts”, “Adopters
Unsure About Impact”) expressed a willingness to embrace DHIs more often in the future.
Furthermore, the cluster “Digital Enthusiasts” possesed sufficient digital competencies and
expressed low levels of digital health insecurities. The “Cautious Adopters” showed a positive
attitude toward DHIs but expressed concerns about data misuse. The “Adopters Unsure About
Impact” did not expect any positive effects of DHIs on their disease handling. The other cluster,
the “Digital Sceptics”, demonstrated a general unwillingness to use DHIs, had limited digital
competencies and a low perceived benefit of these interventions. Even among patients who were

open to adopt DHIs, the current utilization rates for existing interventions, such as
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teledermatology, electronic patient records, and electronic patient diaries, remained relatively

modest.

Our findings emphasize a high interest of patients with skin diseases in using DHIs, but for
example, only 7.1 % of the most digitally minded cluster have already used S&F teledermatology.
There may be systemic barriers as such as the limited availability of services. So even at the
height of the COVID-19 pandemic, only a minority of dermatologists in Germany (21 %) offered
S&F teledermatology to their patients!®?. In addition, S&F teledermatology solutions are
currently not designed for chronic patients but focus on the initial assessment of patients>3>36,
In regards to other DHIs, only a minority of DHIs discovered in the medical literature were
designed specifically for patients with skin diseases'!, and only 2 % of disease-specific health apps

were designed for dermatological purposes®’.

Interestingly, many physicians attribute their reluctance to introduce DHlIs to a perceived lack of
interest among patients3®3°. Our data revealed that many patients with chronic dermatological
diseases would endorse using these services. One possible explanation for this discrepancy may
be the insufficient integration of current DHIs into the existing care, leading patients and
physicians to prefer the standard of care. However, DHIs capable of ensuring continuity of care
while reducing waiting times and integrating seamlessly with current care are more likely to be

preferred by patients®%4L,

Digital insecurities, especially regarding data misuse, emerged as another significant barrier for
the “Cautious Adopters” and “Digital Sceptics”. The negative association was already identified

in previous research*4, Enhancing the uptake of DHIs necessitates not only ensuring data
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security and privacy but also actively informing patients about the security measures and use of

their data.

The discovery of a patient cluster with a high intention to use DHIs (“Adopters Unsure About
Impact”), possessing sufficient digital skills and having low digital insecurities, but still expecting
low impact of DHIs on their care is interesting. Performance expectancy, in our study titled
“Positive Impact of DHIs”, is often the most robust predictor of DHI acceptability?’. This cluster,
with 74 % of patients having their skin condition for over 10 years, may already have adapted to
the demands of their chronic skin conditions, resulting in lower expectations towards the

additional value offered by DHls.

Our research identified a second-order digital divide characterized by disparities in digital
competencies, acceptability, and usage instead of infrastructure and access devices (e.g.,
smartphones and computers)®. In alignment with previous studies*®*’, our findings underscored
that advanced age and lower education were associated with lower use of DHIs. This finding is
concerning because access to and usage of digital health is an increasingly important determinant
of health, especially since the COVID-19 Pandemic***®, Some researchers even proposed a
comprehensive framework for Digital Health Equity®. Potential actions include ensuring the
usability of DHIs for marginalized populations, educating health care professionals, and providing
digital literacy programs within local communities, such as through libraries*®4°. Health insurers
could support such efforts as they already have a responsibility to promote DHIs and enhance
digital literacy to ensure their appropriate use°. Further data are essential to better understand
the relationship between digital inequities and health disparities, enabling the development of

effective countermeasures.
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The cross-sectional survey employed has several limitations. As patients were invited to
participate through patient organizations they may possess a more comprehensive
understanding of their disease, have higher educational levels, and experience a greater disease
burden®!. Thus, they may not be representative of the broader population affected by chronic
skin conditions. Furthermore, 74 % of the study population emerged being female, which
contrasts with the higher prevalence of many skin conditions typically observed in males3°2,
Furthermore, the study focussed on persons with chronic skin diseases of rather high severity
being the most important target group of digital interventions. The results may not account for
acute and mild skin diseases. Taking all aspects into account, the actual size of the different

clusters may vary in the general skin disease population.

Although a relationship between clusters and adoption rates has been identified, e.g., high
adoption by 'Digital Enthusiasts' and low by 'Digital Sceptics,' this cannot be projected into the
future. First, the cross-sectional design prevents from establishing the direction of the identified
relationship. Second, the survey is susceptible to the Intention-Behavior gap>3. Therefore, even
if acceptability drives adoption, the found intention to adopt DHIs in the future may not

necessarily translate into an actual increase.

Exploratory factor analysis was chosen instead of confirmatory factor analysis for data reduction
because no theoretical assumptions about item interactions were made. The exploratory
approach limits its comparability with other research on acceptability, which often uses the
UTAUT framework as methodological foundation?’>*. Another limitation is that, as
recommended, no confirmatory factor analysis was applied as the sample size did not permit a

split for such an analysis®>. Despite this limitation, EFA calculations were deemed appropriate
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392  based on the KMO criterion and Bartlett’s Test of Sphericity, resulting in factors with acceptable

393 internal consistency3.

394

395 Conclusions

396 The results of our survey revealed that patients with chronic skin conditions can be atrributed to
397 four different types of digital users. Most patients within the identified clusters are willing to use
398 digital health interventions more often in the future. However, the current use of interventions
399 is low to moderate, likely because of several barriers, including the limited availability of such
400 DHls that are inadequately implemented into the health system. Data privacy concerns and
401 limited digital competencies among patients should be acknowledged by developers,
402 researchers, and even health insurers to improve the uptake of DHIs and reduce differences in
403  access to DHIs that may lead to digital health inequities. Patients belonging to the more sceptical
404  group of digital users deserve special attention in practice, including more empowerment and
405 shared decisions before use of digital technology. Ongoing research and collaborative efforts are

406 essential to enhance the adoption and inclusivity of digital health solutions in dermatology.
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Total Study Digital Cautious Digital Adopters p
Population* Sceptics Adopters Enthusiasts Unsure
(n = 344) (Cluster 1) (Cluster 2) (Cluster 3) About
(n = 49) (n=106) (n=98) Impact
(Cluster 4)
(n=62)
Age in years, n (%) <0.001
18-44 105 (31.5) 9(18.4) 38(35.8) 42 (44.7) 14 (23.3)
45-64 147 (44.1) 18(36.7) 49 (46.2) 43 (45.7) 29 (48.3)
65+ 81(24.3) 22 (44.9) 19 (17.9) 9(9.6) 17 (28.3)
Missing 11 0 0 4 p
Mean (SD) 52.5 (14.8) 59.2 (13.0)>¢  49.8 (14.5)*  47.1(13.8)*¢  55.5(13.6)° <0.001
Sex, n (%) 0.45
Female 247 (74.0) 35 (72.9) 84 (80.0) 68 (71.6) 43 (70.5)
Male 87 (26.0) 13(27.1) 21 (20.0) 27 (28.4) 18 (29.5)
Missing 10 1 1 3 2
Regional variation, n (%)
Urban or city 245 (75.9) 38 (82.6) 77 (74.8) 66 (72.5) 46 (75.7) 0.62
Rural county 78 (24.1) 8(17.4) 26 (25.2) 25 (27.5) 14 (23.3)
Missing, n 21 3 3 7 2
Education, n (%) <0.001
Low 28 (8.1) 6 (12.5) 11 (10.9%) 8 (8.2%) 1(1.8%)
Medium 106 (30.8) 20(41.7) 43 (42.6) 21 (21.4) 15 (26.3)

31



High 192 (58.9) 22 (45.8) 47 (46.5) 69 (70.4) 41 (71.9)

Missing 18 1 5 0 5

Indication, n (%)

Psoriasis 134 (39.0) 23 (46.9) 37 (34.9) 26 (26.5) 31 (50.0) 0.010
Atopic 80 (23.3) 16 (32.7) 23 (21.7) 22 (22.4) 13 (21.0) 0.43
dermatitis

Vitiligo 31(9.0) 4(8.2) 10(9.4) 9(9.2) 5(8.1) 0.98
Skin cancer 26 (7.6) 2(4.1) 8(7.5) 12 (12.2) 3(4.8) 0.23
Hidradenitis 73 (21.2) 4(8.2) 27 (25.5) 29 (29.6) 12 (19.4) 0.025

suppurativa

Time since the first diagnosis in years, n (%) 0.010
0-4 66 (21.8) 4 (8.9) 24 (24.2) 30(30.9) 8(12.9)
5-9 40 (13.2) 3(6.7) 15 (15.2) 14 (14.4) 8(12.9)
10 + 197 (65.0) 38 (84.4) 60 (60.6) 53 (54.6) 46 (74.2)
Missing 18 4 7 1 0
Mean, SD 23.9(19.5) 34.7(21.2)>¢  23.0(19.7° 17.8(17.1*¢  26.9(17.6)° <0.001
General health perception (SF-36; 1 Item), n (%) 0.20
Excellent  or 62 (18.0) 5(10.2) 16 (15.1) 24 (24.5) 14 (22.6)
Very good
Good 152 (44.2) 23 (46.9) 48 (45.3) 35(35.7) 30 (48.8)
Fair or poor 126 (36.6) 21 (42.9) 42 (39.6) 39 (39.8) 18 (29.0)
Missing 4 0 0 0 0

609

610 aDifferent from Cluster 1 (Digital Sceptics), P<.05.
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629

bDifferent from Cluster 2 (Cautious Adopters), P<.05.
cDifferent from Cluster 3 (Digital Enthusiasts), P<.05.
dDifferent from Cluster 4 (Adopters Unsure About ImpactAdopters Unsure About Impact), P<.05

*29 participants could not be used in the cluster analysis because of missing values of the mean scores
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Table 2 Differences in Identified Subscales Between Clusters

Total Digital Cautious Digital Adopters p-Value
Study Sceptics Adopters Enthusiasts Unsure (ANOVA)
Population  (Cluster 1) (Cluster 2) (Cluster 3) About
(n =344)* (n=49) (n=106) (n=98) Impact
(Cluster 4)
(n=62)
Mean, SD
Factor 1:
Acceptability of DHIs 3.9(0.7) 2.8(0.6)>%¢  3.9(0.4)> 4.5(0.3)*>¢  3.9(0.6)¢ <0.001
and Trust
Factor 2: Patients’
Digital Health 40(0.7) 3.2(0.7)><¢ 3.8(0.5)*4  4.5(0.4)*  4.3(0.5)*" <0.001
Competencies
Factor 3: Digital
2.4(0.4) 3.0(0.6)¢  2.9(0.5)¢  1.8(0.52°  1.7(0.4)*° <0.001
Health Insecurities
Factor 4: Positive
3.6(1.0)  2.2(0.6)>4 3.8(0.52<¢ 4.5(0.5)**¢  2.8(0.6)*P< <0.001

Impact of DHIs

aDifferent from Cluster 1 (Digital Sceptics), P<.05.
bDifferent from Cluster 2 (Cautious Adopters), P<.05.
cDifferent from Cluster 3 (Digital Enthusiasts), P<.05.

dDifferent from Cluster 4 (Adopters Unsure About Impact), P<.05

*29 participants could not be used in the cluster analysis because of missing values of the mean scores
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Figure titles

Figure 1 Cluster Profile Analysis at the Item-By-ltem Level.
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(1) Digital applications can be a useful addition to my
existing care.
(2) | could imagine using more digital applications for my
condition.
(3) | could imagine discussing digitally collected data with
the attending physician.
(4) Digital applications can save unnecessary journeys for
me as a patient.
(5) | would use digital applications regularly if they were
recommended to me.

(6) | would trust the recommendations of a patient self-
help association with regard to digital applications.

(Factor 1)

(7) | would recommend digital applications to other
patients with a similar condition.

Acceptability of DHIs and Trust

(8) I should be able to release my collected digital data
individually to my attending physician.
(9) | would trust the recommendations of other patients
regarding digital applications.
(10) People in my immediate environment would be in
favor of me using digital appllcatlons

(11) 1t would be very easy for me to use a digital
application.

(12) | feel safe when using digital/online applications.

(13) | could easily integrate digital applications in my daily
routines.

(14) | can distinguish reliable from questionable
information on the Internet.

Competencies
(Factor 2)

(15) I have excellent skills in dealing with digital media
(e.g., PC, smartphone, tablet).
(16) | know where | can find useful health information on
the Internet.

(17) | am worried that collected data will be misused.
(18) Digital applications can make the disease too much
the focus of my everyday life.

(19) Digital applications can make me feel insecure about
my iliness.

Insecurities
(Factor 3)

(20) The Internet is something threatening for me. ¢

(21) I am afraid of making an uncorrectable mistake when
using digital/online applicatinns !

(22) Digital apphcations can help me to better prepare for
a consultation with my doctor.

(23) Digital applications can strengthen confidence in my
therapy.
(24) Digital applications can help me to deal more with
my illness.
(25) Digital applications can help me to strengthen my
personal responsibility in treatment.

i} 20 40 60 80 100

Positive Impact of DHIs
(Factor 4)

Digital Sceptics (Cluster 1) (n = 49) % Fully Agree/Agree
Cautious Adopters (Cluster 2) (n = 106)
Digital Enthusiasts (Cluster 3) (n = 98)



642  Figure 2 Usage of a DHI in the Last 12 Months by Cluster.

Usage of a DHI in the Last 12 Months by Cluster
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645  Figure 3 Potential Future Usage of DHls.
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Abstract

Background: In recent years, legal and infrastructural conditions have been set to improve the adoption of digital applications
in health care in Germany. The impact of these actions was amplified by the COVID-19 pandemic. So far, no studies have
confirmed this progress in dermatology.

Objective: The aim of this study was to measure changes in knowledge, interest, expectation, and use of digital applications in
health care among dermatologists in Germany in 2019 and 2021.

Methods: We administered a repeated cross-sectional survey among dermatologists in medical practices and clinics in Germany
at 2 time points: t; (2019; before the COVID-19 pandemic) and t, (2021; during the COVID-19 pandemic). We used a standardized
questionnaire, including items on respondents’ knowledge, interest, expectation, and use of digital applications, as well as their
demographics. The survey was distributed by post and email. The data were analyzed descriptively as well as with multiple
logistic regressions.

Results: Att;, 585 (272/571,47.6% female; mean age 52.4, SD 8.9 years) dermatologists and at t,, 792 (360/736, 48.9% female;
mean age 54.3, SD 8.6 years) dermatologists participated in this survey. Interest in digital medicine was higher at t; than at t,
(381/585, 65.1% vs 458/792, 57.8%; P<.001). Nevertheless, 38.6% (306/792) had used digital applications more often since the
beginning of the pandemic. For example, real-time telemedicine with patients (12/585,2.1% vs 160/792, 7.6%; P<.001) and other
specialists did increase (33/385, 5.7% vs 181/792, 22.8%; P<.001). Almost one-third expressed great concerns about digitalization
(272/792, 34.3% vs 294/792, 37.1%; P=.21). Spatial analysis revealed higher interest in, more positive expectations toward, and
higher use of digital applications in urban areas in comparison to rural areas. For instance, dermatologists from urban areas
assessed future applications as having less risk (adjusted odds ratio [aOR] 0.51, 95% CI 0.35-0.76) than did dermatologists from
rural areas. The situation was similar with the age groups, as, for example, dermatologists aged <50 years also expected lower
risks (aOR 0.51, 95% CI 0.34-0.77) than those aged =50 years. There were no differences between sexes in use, but there were
differences in knowledge and expectation; for example, male participants assessed their confidence in using digital applications
as higher (aOR 1.44, 95% CI 1.01-2.04) than did female participants.

Conclusions: During the pandemic, the use of digital applications in dermatology increased but still remained at a moderate
level. The regional and age-related disparities identified indicate the need for further action to ensure equal access to digital care.
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Introduction

Methods

Digital health, or eHealth, can improve the effectiveness,
efficiency, and equity in the delivery of health care services.
The term was defined by the World Health Organization (WHO)
and encompasses traditional information and communication
technologies, mobile phone—based apps, artificial intelligence
(Al), and computer science-driven genomics in health care [1].
Many digital health applications are nowadays established in
health care environments in Europe, ranging from administrative
solutions, such as practice or hospital information systems, to
telemedical applications in some medical areas (eg, radiology)
[2,3].

In terms of health care digitalization, Germany, along with
France and Poland, is lagging behind other European countries
[4]. Therefore, many legal and reimbursement conditions have
been set to foster a nationwide implementation of digital health,
for example, the eHealth Act in 2016 [5-8]. These initiatives
enabled the reimbursement of video consultations in 2019,
following the eased ban on remote treatments in 2018 [9].
Another initiative from 2019 enabled the introduction of digital
health applications (Digitale Gesundheitsanwendungen; DiGAs).
DiGAs are medical device-classified smartphone apps or web
applications that practitioners can prescribe for patients. In terms
of digital infrastructure, the nationwide telematics infrastructure
(TI) is another important key element in health care
digitalization in Germany. The TI aims to network all health
care providers (eg, clinics, pharmacies, and outpatient practices)
and thereby foster efficiency in the system by making patient
data more easily available for all stakeholders [10].

Dermatology is a visual field enabling the adoption of
applications such as Al, teledermatology, or patient monitoring
for chronic dermatological diseases [9,11-13]. The implications
of the COVID-19 pandemic rapidly amplified the adoption and
use of digital applications in dermatology worldwide, but also
in Germany. For example, every third German dermatologist
used some form of teledermatology in May 2020, and of those,
75% had introduced it during the pandemic [14]. Yet, limited
data are available on the actual uptake and acceptance of
digitalization in dermatology in Germany.

Therefore, the primary aim of our survey was to measure
developments in knowledge, interest, expectation, and use of
digital applications among dermatologists in practices and clinics
from 2019 to 2021, that is, before and after the onset of the
pandemic. Our secondary aim was to analyze age, sex, and
regional differences on these factors in 2021.

https://www.jmir.org/2024/1/e45817
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Study Design and Questionnaire

The Consensus-Based Checklist for Reporting of Survey Studies
(CROSS) [15] was used for reporting this study. In June 2019
(t,), an anonymous, quantitative cross-sectional survey both on
the web [16] and offline through a paper-based version was
conducted among all German dermatologists that provided care
in medical practices and clinics. The questionnaire contained
items on knowledge, interest, expectation, and use of digital
applications. The following demographic data were collected:
the dermatologist’s age, sex, and postal code of the office or
clinic. The survey was also conducted in June 2021 (t,),
including a few additional items; the t; survey had 23 items,
while the t, survey had 29 items (23 items were identical to t,
and 6 items were related to developments due to the COVID-19
pandemic, medical device—classified smartphone apps, ie,
DiGAs, Al, the electronic health care professional card
[elektronischer Heilberufeausweis; eHBA], and the physician’s
place of work (outpatient medical practice or hospital clinic).

The majority of items were on a 5-point Likert scale. Further
items with 2-4 response categories were used (eg, great
importance, moderate importance, and no importance). The full
questionnaires are provided in Multimedia Appendix 1.
Participants had the opportunity to provide written reasons for
their responses.

Study Population, Recruitment, and Data Entry

At both time points, all members of the Federal Association of
German Dermatologists (BVDD) and the German
Dermatological Society (DDQG) providing care in medical
practices and clinics were invited to anonymously answer one
of the questionnaires (on the web or offline). During the
recruitment period of 4 weeks, the dermatologists received
multiple reminders for participation. The total pool of addresses
in both years was approximately 5900 dermatologists, but this
also included members who did not practice dermatologic care
anymore or had an outdated address. After considering 350
undeliverable mails or emails and an additional 30% of retirees
or nonactive dermatologists in the pool, we assumed a sample
0f 3500 active dermatologists. No sample size calculation was
conducted. To reduce errors in data entry regarding the
paper-based questionnaires, 25% of all data entries were
randomly checked. No errors were identified. During data
cleaning, we also checked demographics for duplicates in the
web-based survey—generated data.

Statistical Analysis

Statistical analysis was performed with SPSS (version 27; IBM
Corporation) for Windows, starting with descriptive statistics.
For items with more than 2 answer categories, responses were
binary-coded: for items with 5 answer categories, “very often”

J Med Internet Res 2024 | vol. 26 | e45817 | p. 2
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and “often” were coded as 1, while “rarely,” “never, but
planned,” and “never, not planned” were coded as 2; for items
with 4 answer categories, “yes and “no, but ordered” were coded
as 1, while “no, not ordered” and “no, I reject a connection”
were coded as 2; for items with 3 answer categories, “great
importance” was coded as 1, while “moderate importance” and
“no importance” were coded as 2.

Based on the postal code, participants were assigned to urban
and rural regions using data from the Federal Institute for
Research on Building, Urban Affairs, and Spatial Development
(Bundesinstitut fiir Bau-, Stadt- und Raumforschung; BBSR)
[17]. Age was categorized as 25-39 years, 40-49 years, 50-59
years, 60-66 years, and 267 years. For subgroup analysis, age
was binary coded: 250 years and <50 years.

To test for differences between t; and t, (the primary aim of the
study), ¢ tests (2-tailed) for interval-scaled variables and
chi-square tests for ordinal and nominal-scaled variables were
performed (significance level of P=.05). Due to the exploratory
nature of this research, no correction of the P value for multiple
testing (eg, Bonferroni adjustment) was applied to prevent an
increased likelihood of type II errors [18,19]. Additional
adjustment for demographic and geographic differences between
t, and t, was done through multivariate logistic regression

models. Each model included age, sex, urban or rural area, and

https://www.jmir.org/2024/1/e45817
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type of survey (paper or internet-based). Derived from the
models, adjusted odds ratios (aORs) and the associated 95% CI
are presented. Items that were introduced at t, were analyzed

descriptively.

To reach the secondary aim of the study, unadjusted differences
between subgroups (age (=50 vs <50 years, sex, and urban or
rural) were calculated at t,. Additionally, aORs and 95% CI

were obtained using logistic regressions.

Missing Data

Missing data are reported for items with a rate >5%. We
identified high missing values for some variables (age, sex, and
region; Table 1). The Little test of missingness [20] was
performed and was significant ()307,=3,704,038; P<.001).
Hence, it was assumed that data were not missing completely
at random but were missing at random [20,21]. As
recommended, 20 data sets were imputed with fully conditional
specification through the multiple imputation algorithm within
SPSS (version 22) [22]. Thereby, linear regression was used
for age, and logistic regressions were used for binary-coded
variables (eg, urban or rural and sex), using all variables. After
imputation, all analyses were run on each data set, and the results
were pooled in accordance with the Rubin rules [23]. As there
were minimal differences in the distribution of values before
and after imputation, the imputed values are reported.

J Med Internet Res 2024 | vol. 26 | e45817 | p. 3
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Table 1. Demographic and geographic distribution of participating dermatologists at both time points.

t; (June 2019; n=585) ty (June 2021; n=792) P value
Age (years), mean (SD) 52.4(8.9) 54.3 (3.6) <.001?
Age groups (years), n (%) <001°
25-39 51(9.3) 40 (5.6)
40-49 139 (25.5) 162 (22.6)
50-59 241 (44.1) 294 (41.2)
60-66 95 (17.4) 181 (25.4)
>67 20 (3.7) 37(5.2)
Missing values 40 (6.8) 78 (9.9)
Sex, n (%)
Female participants 272 (47.6) 360 (48.9) 640
Missing values 14 (2.4) 56 (7.1)
Activity, n (%)
Activity in outpatient medical practice N/AS 640 (87.9)
Missing values N/AS 60 (7.6)
Region, n (%)
Participants from urban areas 398 (76) 471 (76.1) 97
Participants from eastern federal states 112 (21.4) 130 (21) g3b
Missing values 62 (10.6) 173 (21.8)
Web-based participation, n (%) 284 (48.5) 261 (33) <001°

#)-tailed ¢ tests were performed.
bChi—square tests were performed.

°N/A: not applicable; item was first introduced in 2021.

Ethical Considerations

For this study, no ethical review was necessary as the study was
anonymous and noninterventional. The Ethics Committee of
the Medical Association in Hamburg states that no ethical
approval is necessary for studies in which data have already
been collected anonymously (Ethik-Kommission; Sonstige
Studien: Arztekammer Hamburg [24]). The study was conducted
in accordance with the principles of the Declaration of Helsinki
and the Guidelines for Good Clinical Practice.

Results

Att,, atotal of 585 dermatologists participated, and at t,, a total
of 792 dermatologists participated in the survey (Table 1).
Considering approximately 3500 eligible dermatologists in both
years, the participation rate is thereby estimated to be 16.7%
(585/3500) and 22.6% (792/3500), respectively.

Sex and geographic distribution were comparable (no significant
differences) between the 2 time points (Table 1), except for a
mean age difference of 1.9 years between t; and t, (P<.001).
There was also a significant difference in the mode of
participation: while in 2019, about 48.5% (284/585)

https://www.jmir.org/2024/1/e45817
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dermatologists participated through the web-based survey, only
32.9% (261/792) did so in 2021 (P<.001).

Most dermatologists expressed interest in digital medicine in
both years, and half of them also felt confident in using it, but
interest (381/585, 65.1% vs 458/792, 57.8%; P<.001) and
confidence (297/585, 50.7% vs 333/792, 42.1%; P=.002)
significantly decreased from t, to t, (Figure 1). The self-assessed
knowledge of digital medicine was rather low in both years
(228/585, 38.9% vs 272/792, 34.4%; P=.08)

The importance of the digital transformation within the health
care system was rated highly by the participants. Yet a slight
negative trend was noticed (t;: 400/585, 68.3% vs t,: 492/792,
62.1%; P=.03) (Figure 1). For around one-third of participants,
digital medicine harbors a high risk (t;: 201/585, 34.3% vs t,:
294/792,37.1%; P=.21) and supports daily activities (223/585,
38.2% vs 304/792, 38.4%; P=.93). Only a small number of
dermatologists had read the guideline on teledermatology (t;:
95/585, 16.2% vs t,: 148/792, 18.7%; P=.40). DiGAs were seen
as important in the future by 38.2% (303/792) of participants
att,.

The most often used digital applications in dermatology at both

survey time points were those ensuring asynchronous

J Med Internet Res 2024 | vol. 26 | e45817 | p. 4
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communication (store-and-forward) with patients (t;: 253/585,
43.2% and t,: 348/792, 44%; P=.54) and other specialists (t;:
273/585, 46.7% and t,: 359/792, 45.3%; P=.58). Real-time
video consultation with a patient was used 4 times more
frequently in 2021 compared with 2019 but was still used rarely
(t;: 12/585, 2.1%, and t,: 60/792, 7.6%; aOR 4.00, 95% CI
2.12-7.52) (Figure 1). Real-time communication with other
specialists was used nearly 6 times more often (t,: 33/585, 5.7%,
and t,: 181/792, 22.8%; P<.001). Remote patient monitoring
(22/585,3.8% vs 55/792, 7%; P=.02) and electronic appointment
reminders (t;: 121/585, 20.6% vs t,: 212/792, 26.8%; P=.02)
were also used more regularly by dermatologists in 2021. In
contrast, electronic physician letters were sent significantly less
often in 2021 compared with 2019 (t;: 122/585, 20.8% vs t,:
105/792, 13.3%; P<.001). Incorporation of web-based patient
data into patient care was rarely used at both time points (t;:
25/585, 4.2% vs 38/792, 4.8%; P=.57) (Figure 1).

Connection to the nationwide TI has progressed further, with
79% (626/792) of participants being connected or having
requested a connection in comparison to 66.5% (389/792) in
2019 (P<.001). The eHBA was available or at least requested
by 80.3% (636/792), and Al methods for diagnosing were used
by 21.4% (169/792) of participating dermatologists at t,. For

the last 2 items, no data were available for t;.

According to respondents, 38.6% (306/792) had used digital
medicine procedures more frequently since the onset of the

Augustin et al

COVID-19 pandemic. Of these, 92.4% (283/306) estimated to
make at least partial continued use of the newly introduced
digital applications.

Younger dermatologists indicated higher interest, knowledge,
and confidence in using digital applications (aORs in Table 2).
They saw more of a benefit in using applications for their daily
activities than older dermatologists. Younger participants also
used asynchronous communication methods with patients and
physicians and electronic appointment reminders for patients
more often, whereas older dermatologists more often expected
high risks regarding the implementation of digital medicine.

Participants practicing in urban areas had a higher likelihood
of reporting a good level of knowledge, interest, and confidence
in using digital applications (aORs in Table 3). Furthermore,
they used many of the digital applications more often, including
asynchronous communication with patients and colleagues and
electronic patient reminders, and rated the risks associated with
digital medicine as lower. In contrast, they were less likely
connected to the T1.

Only a few significant differences in sexes were identified (aORs
in Table 4). Male dermatologists were more likely than female
dermatologists to state a good level of knowledge and
confidence in using digital applications. Female dermatologists
more often expected the great importance of DiGAs and the
digital transformation in the future.

Figure 1. Forrest plot depicting the development of knowledge, use, and expectations of digital medicine in dermatology. Odds ratios were adjusted
using logistic regressions for age groups (25-39, 40-49, 50-59, 60-66, and 267 years), sex (male or female), and region (urban or rural). The values in
bold are significant. A chi-square test was performed to obtain P values. Percentages present crude or unadjusted values.

2019(%)  2021(%) P value

Interest, and in digital ine: “fully agree” or “agree”
Interest in digital medicine 65.1 578 <.001
Good knowledge in digital medicine 389 344 08
Confidence in using digital applications 50.7 42,1 .00z
Expectations on digital medicine
importance of digital transformation in Germany in the future: "great importance” 68.3 2.1 03
Expectation of risks associated with digital medicine: “greal risks” 343 375 21
Know guideline “Practice of teledermatology™ “yes, read” 16.2 187 40
Procedures benefits practical activity: “yes” and “partly” 382 384 29
Importance of digital health applications (DiGA) in the future: “great importance” NA 382 NIA
Use of digital application: “very frequent” or “frequent use”
Real-ime video consuitation 21 76 <001
Asynchrenous communication with patients (eg, email and SMS text message) 43.2 44.0 54
Real-ttme communication for professional exchange (eg. video conference) 57 228 <.001

for exchange (eg, email and SMS text message} 46.7 453 58
Remote patient monitoring 38 70 02
Electronic reminder of appaintments for patients 206 268 02
Electronic doctor's letter 208 133 <.001
Electronic or web-based data from patients (eg, apps, wearables, and body values) 42 48 57
Antificial intelligence apphications for diagnostic purposes NA 214 NIA
Connection to the national telematics infrastructure: “yes” and “no, but requested”
Telematic infrastructure B6.5 79.0 <001
Electronic health professional card (eHBA) NA 80.3 A
SARS-CoV-Z pandemic and digitalization
Increased the of use of digital applications due to SARS-CoV-2: “yes® N/A 386 A
Continue 10 use application in the future: “yes™ and “partially” N/A 924 WA
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Table 2. Adjusted odds ratios (aORs) for associations between age groups (=50 years vs <50 years) and knowledge, interest, expectation, and use of
digital applications in dermatology (survey date: 2021). The values in italics are significant.

Age =50 years Age <50 years PvalueS® 2O0R (95% CI)
(n=566%), n (%)b (n=223%,n (%)b for age >50/< 50 years;

reference 250 yearsd

Interest, knowledge, and confidence in digital medicine: “fully agree” or “agree”

Interest in digital medicine 304 (53.7) 158 (70.9) <.001 2.15(1.47-3.15)
Good knowledge of digital medicine 180 (31.8) 96 (43.0) <.001 1.78 (1.25-2.54)
Confidence in using digital applications 220 (38.9) 118 (52.9) <.001 1.91 (1.33-2.72)

Use of digital application: “very frequent” or “frequent”

Real-time video consultation 40 (7.1) 22 (9.9) 24 1.29 (0.68-2.46)
Asynchronous communication with patients (eg, email and SMS 235 (41.5) 121 (54.3) <.001 1.65 (1.16-2.34)
text message)

Real-time communication for professional exchange (eg, video 118 (20.8) 66 (29.6) <.001 1.45 (0.98-2.47)
conference)

Asynchronous communication for professional exchange (eg, email 237 (41.9) 127 (57.0) <.001 1.73 (1.23-2.44)
and SMS text message)

Remote patient monitoring 36 (6.4) 20 (9.0) 22 1.47 (0.72-2.99)
Electronic reminder of appointments for patients 140 (24.7) 77 (34.5) .005 1.63 (1.11-2.38)
Electronic doctor’s letter 77 (13.6) 32 (14.3) .62 0.97 (0.56-1.67)
Electronic or web-based data from patients (eg, apps, wearables, 26 (4.6) 13 (5.8) 28 1.63 (0.70-3.83)

and body values)
Artificial intelligence applications for diagnostic purposes 115 (20.3) 52 (23.3) .35 1.07 (0.72-1.60)

Expectations of digital medicine

Importance of digital transformation in Germany in the future: 341 (60.2) 159 (71.3) .007 1.43 (0.98-2.10)
“great importance”

Expectation of risks associated with digital medicine: “great risks” 247 (42.6) 58 (26.0) <.001 0.51(0.34-0.77)
Know guideline “Practice of teledermatology:” “yes, read” 117 (20.7) 34 (15.2) .10 0.85 (0.51-1.40)
Procedures benefits practical activity: “yes” and “partly” 222 (39.2) 118 (52.9) <.001 1.68 (1.19-2.39)
Importance of digital health applications (DiGA®) in the future: 211 (37.3) 90 (40.4) 43 0.97(0.68-1.38)

“great importance”
Connection to the national telematics infrastructure: “yes” and “no, but requested”
Telematic infrastructure 473 (83.6) 173 (77.6) .08 0.75 (0.47-1.18)
Electronic health professional card (eHBAf) 401 (81.4) 171(76.7) 09 0.82(0.52-1.31)
SARS-CoV-2 pandemic and digitalization
Increased the use of digital applications due to SARS-CoV-2: “yes” 184 (32.5) 111 (49.8) <.001 1.85 (1.26-2.71)
Continue to use application in the future: “yes” and “partially” 173 (94.0) 104 (93.7) 78 0.91 (0.28-2.93)

Does not add up to the overall total of 792, as data for an average of 3 participants were not imputed.
bUnadj usted or crude values.
Chi-square tests were performed.

dLogistic regressions were performed. Following items were included as independent variables: sex (male or female) and regional allocation (urban or
rural).

°DiGAs: Digitale Gesundheitsanwendungen.

feHBA: elektronischer Heilberufeausweis.
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Table 3. Adjusted odds ratios (aORs) for associations between region (urban or rural) and knowledge, interest, expectation, and use of digital applications
in dermatology (survey date: 2021). The values in italics are significant.

Urban (n=600), Rural (n=192), pyajue® aOR (95% CI) for urban/ru-

n (%)* n (%)* ral; reference: rural®

Interest, knowledge, and confidence in digital medicine: “fully agree” or “agree”

Interest in digital medicine 372 (62) 91 (47.4) <.001 1.70 (1.17-2.47)
Good knowledge of digital medicine 228 (38) 50 (26) .01 1.64 (1.06-2.49)
Confidence in using digital applications 279 (46.5) 61 (31.8) .002 1.73 (1.17-2.58)

Use of digital application: “very frequent” or “frequent”

Real-time video consultation 55(09.2) 7 (3.6) .05 2.68 (0.95-7.51)
Asynchronous communication with patients (eg, email and SMS 295 (49.2) 63 (32.8) .01 1.79 (1.20-2.68)
text message)

Real-time communication for professional exchange (eg, video 154 (25.7) 30 (15.6) .02 1.90 (1.13-3.17)
conference)

Asynchronous communication for professional exchange (eg, email 297 (49.5) 70 (36.5) <.001 1.62 (1.10-2.39)
and SMS text message)

Remote patient monitoring 45 (7.5) 12 (6.3) .58 1.19 (0.56-2.52)
Electronic reminder of appointments for patients 185 (30.8) 33(17.2) <.001 2.01 (1.24-3.27)
Electronic doctor’s letter 89 (14.8) 20 (10.4) 22 1.54 (0.83-2.86)
Electronic or web-based data from patients (eg, apps, wearables, 32 (5.3) 8(4.2) Sl 1.31 (0.49-3.56)

and body values)
Artificial intelligence applications for diagnostic purposes 132 (22.0) 38 (19.8) .52 1.12 (0.70-1.82)

Expectations of digital medicine

Importance of digital transformation in Germany in the future: 400 (66.7) 104 (54.2) <.001 1.64 (1.08-2.48)
“great importance”

Expectation of risks associated with digital medicine: “great risks” 205 (34.2) 101 (52.6) <.001 0.51 (0.35-0.76)
Know guideline “Practice of teledermatology:” “yes, read” 84 (14.0) 25 (13.0) .79 1.23 (0.74-2.08)
Procedures facilitate practical activity: “yes” and “partly” 270 (45.0) 72 (37.5) .10 1.28 (0.86-1.93)
Importance of digital health applications (DiGAd) in the future: 185 (39.8) 48 (33.3) 14 1.30 (0.87-1.95)

“great importance”
Connection to the national telematics infrastructure: “yes” and “no, but requested”
Telematic infrastructure 473 (78.8) 175 (91.1) <.001 0.37 (0.21-0.68)
Electronic health professional card (éeHBA®) 471 (78.5) 163 (84.9) 06 0.61(0.35-1.31)
SARS-CoV-2 pandemic and digitalization
Increased the use of digital applications due to SARS-CoV-2: “yes” 237 (39.5) 59(30.7) .05 1.37 (0.91-2.06)
Continue to use application in the future: “yes” and “partially” 221(93.2) 57 (96.6) .50 0.63 (0.14-2.95)

#Unadjusted or crude values.

bChi-square tests were performed.

“Logistic regressions were performed. Following items were included as independent variables: age (=50 years or < 50 years) and sex (male or female).
4DiGAs: Digitale Gesundheitsanwendungen.

®eHBA: elektronischer Heilberufeausweis.
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Table 4. Adjusted odds ratios (aORs) for associations between sex and knowledge, interest, expectation, and use of digital applications in dermatology
(survey date: 2021). The values in italics are significant.

Female Male (n=404),  pyaue® aOR (95% CI)
(n=388),n(%)* n (%)* for male/female; refer-

ence: female®

Interest, knowledge, and confidence in digital medicine: “fully agree” or “agree”

Interest in digital medicine 224 (57.7) 240 (59.4) 94 1.22 (0.87-1.74)
Good knowledge of digital medicine 119 (30.7) 158 (39.1) .02 1.71 (1.18-2.46)
Confidence in using digital applications 154 (39.7) 186 (46.0) .09 1.44 (1.01-2.04)

Use of digital application: “very frequent” or “frequent”

Real-time video consultation 31(8.0) 31(7.7) .86 1.01 (0.52-1.97)
Asynchronous communication with patients (eg, email and SMS text 174 (44.8) 184 (45.5) .86 1.19 (0.84-1.67)
message)

Real-time communication for professional exchange (eg, video confer- 100 (25.8) 85 (21.0) .10 0.79 (0.53-1.19)
ence)

Asynchronous communication for professional exchange (eg, email and 187 (48.2) 179 (44.3) 24 0.92 (0.65-1.29)
SMS text message)

Remote patient monitoring 30(7.7) 27(5.7) 45 0.94 (0.48-1.86)
Electronic reminder of appointments for patients 98 (25.3) 119 (29.5) .34 1.35(0.92-1.98)
Electronic doctor’s letter 53 (13.7) 56 (13.7) .89 0.79 (0.48-1.31)
Electronic or web-based data from patients (eg, apps, wearables, and 16 (4.1) 23(5.7) .30 1.57 (0.69-3.57)

body values)
Artificial intelligence applications for diagnostic purposes 93 (24.0) 77 (19.1) .09 0.87(0.57-1.31)

Expectations of digital medicine

Importance of digital transformation in Germany in the future: “great 267 (68.8) 237 (58.7) .04 0.67 (0.49-0.93)
importance”

Expectation of risks associated with digital medicine: “great risks” 132 (34.0) 173 (42.8) .02 1.39(0.97-1.97)
Know guideline “Practice of teledermatology:” “yes, read” 58 (14.9) 79 (19.6) .09 1.32 (0.85-2.05)
Procedures eases practical activity: “yes” and “partly” 175 (45.1) 167 (41.3) .34 1.13 (0.80-1.60)

Importance of digital health applications (DiGAd) in the future: “great 167 (43.0) 134(33.2) 05 0.57 (0.40-0.80)

importance”
Connection to the national telematics infrastructure: “yes” and “no, but requested”
Telematic infrastructure 322 (83.0) 326 (80.7) 43 0.96 (0.63-1.47)
Electronic health professional card (eHBA®) 314 (80.9) 320(792) 4l 0.97(0.64-1.49)
SARS-CoV-2 pandemic and digitalization
Increased the use of digital applications due to SARS-CoV-2: “yes” 162 (41.8) 135 (33.4) .02 0.82 (0.32-2.10)
Continue to use applications in the future: “yes” and “partially” 151 (93.2) 127 (94.1) .50 0.40 (0.13-1.28)

4Unadusted or crude values.
bChi-square tests were performed.

“Logistic regressions were performed. The following items were included as independent variables: age (=50 years or <50 years) and regional allocation
(urban or rural).

4DiGAs: Digitale Gesundheitsanwendungen.

‘eHBA: elektronischer Heilberufeausweis.

: : in dermatology during the events of the COVID-19 pandemic.
Discussion First, we identified a moderate increase in the use rate of digital
Overview applications in dermatological care, while interest in the topic

decreased slightly; one-third of practitioners expect great risks
with the introduction of digital medicine. Second, we noticed
regional and age-related disparities in self-assessed knowledge,

This trend analysis is the first to measure developments in
knowledge, interest, expectation, and use of digital applications
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confidence, expectations of digital medicine, and the use rate
of digital applications. The survey also revealed differences
between sexes in self-assessed knowledge and confidence in
digital medicine among dermatologists in Germany.

The decline in interest in using digital applications might be
explained by the more widespread implementation of digital
applications, as verified by this survey. We hypothesize that
digital applications may have moved from extraordinary to
ordinary daily routines, resulting in a reduction of interest.
Confidence and knowledge may have declined as practitioners
were more often confronted with the actual use of applications
in their daily routine, potentially disclosing the limits of their
knowledge in digital medicine.

Interestingly, only one-third of physicians stated that digital
applications support their daily activities, which is one of the
main promises of health care digitalization. The outcome could
be caused by the long, costly, and not yet fully implemented
nationwide eHealth initiatives in Germany [25]. The overall
perception will, however, differ depending on the type of digital
application. The benefit of Al for diagnostic purposes, for
example, might be high, as the technology could potentially
improve the efficiency of screening and the diagnostic
confidence of practitioners [26].

We observed an increase in real-time communication
technologies to communicate with patients and other physicians,
which could also be shown by other studies [14]. Compared to
the United States, where nearly 42.6% of offices stated using
video consultations, this service is rarely offered by
dermatologists in Germany, as identified within our results
(160/792, 7.6%) [27]. Reasons for the low use may involve
insufficient reimbursement for providers and a 2019-loosened
ban on remote treatments, which also explains the low use rate
for this year [14]. In the future, it can be assumed that video
consultation with patients may decline after the pandemic fades
into the background again, as the main reason for its use was
protection from infections [2]. Lower use of video consultations
in times of low COVID-19 infection rates could already be
shown in Germany [28]. Nevertheless, it is not assumed that
the use rates of video consultation will go back to the use rates
of the prepandemic era.

On the contrary, the use of asynchronous communication
technologies was not affected by the pandemic or other changes
during the observed period, which contradicts other results from
Elsner [14] at first glance, wherein 75% of dermatologists in
2020 did introduce the technology with the onset of the
pandemic. Within our survey, all purposes—administrative (eg,
appointments and invoices), medical-related (eg, diagnosis),
and technologies (eg, email, SMS text messages, or
teledermatological platforms)—were covered by the item,
whereas the item in the survey by Elsner [14] was specific to
store-and-forward teledermatology, so a medical-related
purpose. As the number of dermatologists adopting
store-and-forward teledermatology substantially increased, we
assume that the purpose of asynchronous communications has
partly shifted from administrative purposes to medical-related
purposes with the onset of the pandemic.

https://www.jmir.org/2024/1/e45817
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In terms of the TI, dermatologists are a bit behind other
specialist groups: 14% of all practitioners that responded to a
nationwide survey [2] and 21% (166/792) of dermatologists
within our survey are not yet connected to the TI. Regarding
DiGAs, they see a similar importance to other physicians: 40%
nationwide of all physicians versus 38.2% (303/792) in our
survey. We found a reduction in use of the electronic physician’s
letter in dermatology, although most outpatient physicians stated
that it eases the administrative workload in clinical practice [2].

Within the survey, age, sex, and regional differences were
identified. The lower self-assessed knowledge and confidence
in digital medicine by female dermatologists could be
confounded by social expectations. In other areas of life, no or
only marginal differences in digital literacy between sexes could
be measured when accounting for education and employment
status [29]. Nevertheless, female dermatologists could thus have
similar knowledge of digital medicine, resulting in similar use
rates, as shown.

The phenomenon of regional and age disparities, noted in our
survey, has generally been noted with the advent of digitalization
in all areas of life and is known as the digital divide. Thus, not
only access to the internet, internet speed, and availability of
appropriate hardware, but also digital competencies among
practitioners and patients are related to inequalities in the use
of digital tools [30]. In Germany, the average use rates of the
internet, as well as digital competence and openness to use
digital applications, are more pronounced in urban regions and
younger age groups in comparison to rural regions and older
groups [31], partially explaining the differences identified within
our survey. Consequently, digital applications have the potential
to increase unequal access to care, at least in the short term. To
ensure equity in the delivery of care in dermatology, all
disparities related to sex, age, or region should be addressed by
legal, infrastructure, and reimbursement initiatives. In addition,
implementation strategies for evidence-based digital applications
should be customized to specific target groups [32].

The response rates of our surveys were slightly lower than in
previous surveys among German dermatologists [33]. Hence,
a certain selection bias among participants cannot be excluded.
Considering the official physician statistics, dermatologists aged
between 50 and 59 years were slightly overrepresented, whereas
dermatologists aged 35 years or younger were slightly
underrepresented. In addition, female dermatologists were
underrepresented in the survey in comparison to the federal
statistic (360/736, 48% in our survey vs 60% at the national
level) [34]. Although our surveys were not representative, the
sample sizes were large enough to detect trends and variations
among demographic and geographic parameters. To improve
comparability between survey waves, an adjustment of
demographic and geographic differences was performed through
multiple logistic regressions. Groups at t; and t, may differ for
unmeasured characteristics (eg, professional expertise, number
of consultations per week, socioeconomic patient groups in the
area, and the number of private and statutory insured patients),
thus resulting in underestimated or overestimated differences.
Nevertheless, the same population was contacted at both time

J Med Internet Res 2024 | vol. 26 | e45817 | p. 9
(page number not for citation purposes)



JOURNAL OF MEDICAL INTERNET RESEARCH

points, and important baseline characteristics did not present
any larger differences.

Conclusions

Augustin et al

disparities and improve nationwide implementation. Developers
of digital innovations should incorporate physicians’
perspectives more commonly to ensure feasibility and use.

Future research should support policymakers and developers
by identifying barriers to implementation, monitoring disparities,
and ensuring an evidence base for digital applications.
Widespread implementation and acceptance among patients
and physicians can then improve the efficiency, equity, and
effectiveness of care.

The repeated survey revealed an increase in the adoption of the
majority of digital applications in dermatology, amplified by
the COVID-19 pandemic. However, regional and age-related
disparities in the use of digital applications exist, reducing equal
access to innovative health care solutions for patients. In the
future, policy strategies must be developed to counteract these
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General and dermatological population’s use and acceptance of
digital health in Germany - a representative survey

Patrick Reinders ® | Matthias Augustin | Marina Otten

Institute for Health Services Research in
Dermatology and the Nursing Professions (IVDP),
University Medical Center Hamburg-Eppendorf
(UKE), Hamburg, Germany

Summary

Background and Objectives: Adoption and acceptance of digital health services
(DHS) in the German population and in persons with skin diseases is unclear. Both
factors were analyzed in this survey.

Methods: A standardized survey with items on digital competences and attitudes,
use and acceptance of DHS was applied to a representative sample of the German
adult population. Bivariate and multivariate analyses were conducted.

Results: Out of 2,101 participants, 29.9% reported having had skin diseases in
the last 12 months. Among them, adoption and acceptance were at 43.6% and
52.3%, respectively. Both values are significantly higher compared to participants
without skin diseases (29.2%; p < 0.01 and 45.5%; p < 0.01). 18.9% of participants
with a skin disease used digital diagnostic support, but only 9.7% applied it for
a skin disease (p < 0.01). For all participants, with and without skin disease, the
DHS most commonly used were passive health monitoring (14.3%) and diagnos-
tic support (11.5%), telemedicine was least used (4.7% video-consultation, 2.5%
store-and-forward). Use and acceptance were associated with young age, educa-
tion, low data privacy concerns, digital confidence, having a skin disease, and high
severity of skin disease.

Conclusions: DHS for skin diseases are used rarely but have a high potential.
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INTRODUCTION

The current state of dermatological care in Germany is
characterized by a high volume of consultations, resulting

The widespread adoption of digital devices such as smart-
phones, tablets, laptops and wearables has made digital
health services (DHS) more accessible to patients and con-
sumers. The implementation of DHS into the healthcare
system is thought to bring a shift towards patient- and
consumer-centered healthcare by enabling individuals
to access their health data and information online. In
addition, communication between physicians, patients,
and other healthcare providers regardless of time and
location can be improved.'> An implementation may lead
to more sustainable, cost and time-efficient healthcare
systems.’

in long waiting times and brief appointments which impair
shared decision-making.*”” Due to demographic changes
this situation is expected to worsen in the upcoming
years. The proliferation of DHS, particularly teledermatol-
ogy, may help mitigate these challenges.® Evidence of high
quality supports the use of teledermatology in routine
clinical practice.”'® Other DHS offer features such as self-
monitoring, medication adherence support and interven-
tions for psychological comorbidities.'~'® By incorporating
these DHS into dermatological routine care, patients and
dermatologists may improve the management of dermato-
logical conditions.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any medium,

provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
© 2024 The Authors. Journal der Deutschen Dermatologischen Gesellschaft published by Wiley-VCH GmbH on behalf of Deutsche Dermatologische Gesellschaft.
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A recent study found that 31% of Germans used a health
app, 64% searched for health-related content online, and
15% communicated with their doctor digitally at least
once a year.'*"> While several studies have shown positive
attitudes towards DHS among populations with derma-
tological conditions, these studies are often restricted
to a single condition or conducted in a tertiary hospital
setting.'®'” However, there is limited information on the
current use and acceptance of DHS in the German popu-
lation, in particular among dermatological patients. Such
insights would be essential to develop and optimize DHS
and to enforce specific implementation strategies.

Hence, this study aims to explore the use and acceptance
of DHS in the German population including people affected
with dermatological conditions, addresses the following
research questions:

What is the prevalence of DHS use in Germany?

How commonly are different DHS used?

What is the acceptance of DHS?

To what extent do medical and demographic factors
influence the use and acceptance of DHS?

METHODS
Study design

A cross-sectional population representative survey was
conducted in August 2022. The survey was developed by
the Institute for Health Services Research in Dermatology
and Nursing (IVDP) and carried out in collaboration with
the FORSA Institute (Forsa Gesellschaft fiir Sozialforschung
und statistische Analysen mbH) using a validated popula-
tion panel. Participants answered the questions once at one
timepoint.

Survey questionnaire

The questionnaire was developed after screening pub-
lished literature on already used items and on further
relevant topics. The survey covered five main themes: (1)
General use of digital devices and internet applications:
measured by adapted items of the Federal Statistical Office
(Destatis) designed to assess the use of information and
communication technologies in the general population.'®
(2) Competences and attitudes towards digitalization: mea-
sured using items from the German eHeals questionnaire,
a survey on data privacy risks and the digital confidence
score.'21 (3) Performance expectancies and acceptance
of DHS: measured using items from the Unified Theory
of Acceptance and Use of Technology (UTAUT) Model and
previous research.?>~?* (4) Use of consumer- and patient-
targeted DHS: measured by self-developed items based
on DHS identified in the literature.?'225-27 (5) Skin disease
and associated healthcare utilization: measured by items on

the existence and severity of a skin disease in the previ-
ous 12 months, the type of skin disease and consultation
of a physician due to the skin disease identified in the
literature.

The full questionnaire including the source of each item
and the used answer categories/scales can be obtained
from online supplementary Table S1.

In addition, socio-demographic data on age, gender,
region (urban/rural) and level of education (lower sec-
ondary school education [Hauptschule], intermediate sec-
ondary school education [Realschule], high school degree
[Abitur]) were collected.

Study population and recruitment

The target population included all German residents
(with sufficient knowledge of the German language)
aged 18 years and older. Half of the study population
was surveyed through computer-assisted telephone inter-
views (CATI), while the other half was recruited from the
forsa.omninet household panel. For CATI, the recruitment
followed a structured multistage random sampling pro-
cess developed by the Arbeitskreis Deutscher Markt- und
Sozialforschungsinstitute e.V. (ADM). Of all included partic-
ipants, 30% were recruited via landline and 70% via mobile
phone. The forsa.omninet household is a standing panel
that includes 100,000 participants that are recruited via
telephone on a random basis to ensure representativity. A
representative selection of participants from the panel was
invited to participate in our study via e-mail. The combined
sample (CATl and forsa.omninet) was weighted for age, gen-
der, and region based on data from the Federal Statistical
Office (Destatis).

Ethics approval

This study was conducted anonymously and was non-
interventional, so no ethical review was required. The study
was conducted in accordance with the principles of the
Declaration of Helsinki and Good Clinical Practice (GCP).

Statistical analysis

A descriptive analysis was conducted on the general popu-
lation and on the population with a skin disease in the last
12 months. Missing rates on all items were below 5%, there-
fore these were not considered further.”® Subgroup anal-
yses were conducted for both groups by gender, age, and
region (rural/urban). Differences between presence/non-
presence of a skin disease were additionally assessed in
the general population. Chi-square test was used to test for
significance of associations among subgroups. Multivariate
logistic regression analysis was used to identify potential
predictors of acceptance (Item 8; online supplementary
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Table S1) and current use of DHS among participants. Actual
use was defined, if at least one described DHS (Item 15-20;
online supplementary Table S1) has been used by partic-
ipants in the last 12 months. The independent variables
were the presence of a skin condition, socio-demographic
factors, region (urban/rural), digital competences and data
privacy concerns. In addition to these independent vari-
ables, severity of skin disease and access to a physician
were additionally included in logistic regression models
for the population with a skin disease. The results of the
regressions are presented as adjusted odds ratios (OR) with
95% confidence intervals (Cl). Statistical significance was
set at p < 0.05 and the analysis was performed using SPSS
Statistics v. 22 (IBM, Armonk, NY, USA) for Windows.

RESULTS
Demographics

From the forsa.omninet panel, 2,379 panelists were invited
of whom 1,100 participated resulting in a response rate
of 46.2%. For the telephone survey (CATI), 2,612 persons
were invited and 1,001 completed the survey leading to
a response rate of 38.3%. Both arms of the survey were
conducted within one week in August 2022. In total, 2,101
adults participated in the survey, half being female (49.8%),
two thirds being older than 45 years (60.8%), and every
second having a high school education (49.9%) (Table 1).

Most of the participants (65.4%) lived in an urban area.
Smartphones (90.8%) and PCs (84.9%) were widely used
by the study population and internet use, including online
banking (75.3%), online shopping (71.5%), and commu-
nication via internet services (71.6%), was common. One
third of the population (29.9%) reported having had a
skin condition in the last 12 months which of 61.1% had
consulted a physician. The most common dermatolog-
ical conditions were skin rash or unspecified eczema
(20.9%), atopic dermatitis (10.4%), and fungal infections
(8.1%).

Competences and attitudes towards
digitalization

About two-thirds of the general population reported being
generally confident in using DHS (66.2%) and knowing
where to find health information online (69.0%) (Table 2).
Half of the participants reported concerns about data
privacy (49.1%). Competences and attitudes were not asso-
ciated with the presence of a skin condition. Younger
participants had significantly higher confidence, were more
aware of where to find health information, and had lower
data privacy concerns than older participants (online sup-
plementary Table S2). Women were generally less confident
in using DHS, but more aware of where to find health

information. No further significant differences between the
subgroups with and without skin diseases were found
(online supplementary Table S3).

Performance expectancies and acceptance of
DHS

Of all participants, 57.4% agreed that DHS can be ben-
eficial for the diagnosis, treatment, or monitoring of a
disease, but only 38.6% agreed that a DHS can be beneficial
for a skin condition (Table 2). A similar discrepancy was
found between the acceptance of using a DHS for any
disease/health problem (47.5%) or for a skin condition
(36.4%). Two-thirds of all participants (66.5%) said they
could imagine discussing the data from a DHS with a physi-
cian. The willingness to pay for an intervention was not
common (12.7%). Participants with a skin condition were
more likely to expect a benefit from using DHS, had higher
acceptance, and were more willing to discuss data with
doctors.

The logistic regression models (one for the general pop-
ulation and one for the population with a skin condition)
(Table 3) indicated several significant associations between
the acceptance of a DHS and explanatory variables: Accep-
tance was positively associated with younger age, a high
level of education, low concerns about data privacy, high
confidence in using DHS, and presence of a skin condition.
Younger age was the strongest predictor of high accep-
tance to use a DHS in both models. In the general popula-
tion the youngest age group had the strongest association
with acceptance (18-29 years; adjusted Odds Ratio [aOR]
3.25 [95% confidence interval (Cl) 2.37-4.45]), whereas the
association was strongest for the middle age group (30-
44 years; aOR: 4.17; 95% Cl 2.47-7.04) among participants
with a skin condition. Among the latter group, a high
severity of skin disease was associated with acceptance of
DHS.

Utilization of DHS in the last 12 months

A high proportion of respondents (80%) reported to have
consulted the internet for a health problem within the last
12 months (Figure 1).

In addition, 33.5% of participants used at least one DHS
for any disease. The most frequently used types of DHS
were those for passive health monitoring (14.3%), diagno-
sis support (11.5%), electronic patient record (8.6%), and
active health monitoring (8.4%). Telemedicine solutions
(video consultation: 4.7%; store-and-forward telemedicine:
2.5%) were less commonly used by participants. All the
digital services were significantly more often used by
participants with a skin disease, including passive health
monitoring (with: 18.9% vs. without: 12.4%; p < 0.001), with
the exception of the electronic health record (with: 10.0%
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TABLE 1

Age group (n = 2101)

Type of survey (n = 2101)

Gender (n = 2101)

USE AND ACCEPTANCE OF DIGITAL HEALTH IN GERMANY

Descriptives of participants.

18-29 years
30-44 years
45-59 years

60 years and older

Telephone survey (CATI)

Internet survey (forsa.omninet)

Female
Male

Regional variation (n = 2101)

Urban
Rural

Missing

School education (n = 2000)

Low
Middle
High
Missing

Use of digital devices (n = 2101)

Smartphone
PC

Tablet
Smartwatch

Smart home assistant (e.g.,
Google Home, Alexa, Apple
HomePod)

None of the devices

Use of internet applications, (n = 2101)

Online banking
Online shopping

Communication (messenger,
videocall)

Social media (private and
business related)

Entertainment (e.g., podcast,
movies, music, videos)

Research and information (news

portal, Wikipedia, online
newspaper)

Other purpose

General population
(n=2101)

n (%)

337 (16.0)
489 (23.3)
514 (24.5)
762 (36.3)

1001 (47.6)
1100 (52.3)

1028 (48.9)
1073 (51.1)

1396 (66.4)
699 (33.3)
6(0.3)

365 (17.4)
637 (31.9)
998 (49.9)
101 (4.8)

1909 (90.8)
1784 (84.9)
956 (46.7)
278 (18.9)
258 (17.5)

35(2.4)

1108 (75.3)
1052 (71.5)
1054 (71.6)

813 (55.3)

909 (61.8)

1260 (85.7)

396 (26.9)

Participants with a skin
disease* (n = 630)

n (%)

119 (18.9)
149 (23.7)
142 (22.5)
220 (34.9)

266 (26.6)
364 (33.1)

340 (54.0)
290 (46.0)

437 (69.6)
191 (30.4)
2(0.3)

105 (16.7)
197 (31.3)
307 (48.7)
21(3.3)

576 (91.6)
549 (87.3)
270 (42.9)
124 (19.7)
107 (17.0)

10(1.6)

496 (78.9)
481 (76.3)
471 (74.9)

364 (57.8)

400 (63.6)

559 (88.7)

189 (27.9)

Type of skin disease (out of n = 630 persons reporting a skin condition in the previous 12 months)

Skin rash, eczema
Atopic dermatitis
Fungal infection

Skin cancer

129 (20.6)
65 (10.4)
51(8.1)
47 (7.5)

Participants without a
skin disease (n = 1471)

n (%)

218(14.8)
340 (23.1)
372 (25.3)
542 (36.8)

733 (49.8)
739 (50.2)

959 (65.4)
508 (34.6)
4(0.3)

260 (18.7)
440 (31.7)
690 (49.6)
81 (5.5)

1332(90.9)
1235(83.9)
687 (46.7)
278(18.9)
124 (19.7)

25(1.7)

1108 (75.3)
1052 (71.5)
1054 (71.6)

813 (55.3)

909 (61.8)

1260 (85.7)

396 (26.9)

(Continues)
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TABLE 1 (Continued)

General population Participants with a skin Participants without a
(n=2101) disease* (n = 630) skin disease (n = 1471)
Psoriasis 47 (7.5)
Acne vulgaris 43 (6.8)
Warts 40 (6.4)
Common skin spots 38 (6.0)
Allergies, hay fever 37 (5.8)
Mole inspection or removal 31 (4.9)
Alopecia 20(3.1)
Other 66 (10.5)
Missing 16 (2.5)
Severity of the skin disease (0 = No Severity to 10 = High Severe), (n = 630)
No severity (0) 24 (3.7)
Mild severity (1-3) 251 (39.8)
Moderate severity (4-6) 180 (28.6)
High severity (7-10) 149 (23.6)
Missing 27 (4.2)
Consultation of a physician due to skin disease in last 12 months (n = 630)
No 244 (38.7)
Yes 385 (61.1)
Missing 1(0.1)
Ifyes, which type of physician was consulited? (n = 385)
Dermatologist 313 (81.5)
Primary care physician 54 (14.0)
Other 17 (4.5)
Missing information 1(0.1)

*Considered, if presence of a skin disease in the last 12 months was answered with “Yes".

TABLE 2 Subgroup analysis for the general population: digital competences, attitudes and expectancies, acceptance of and usage of DHS.

Skin Disease (N/Y)

(Fully Agree/Agree) General (n = 2101) Without (n = 1471) With (n = 630) p

Competences and attitude towards digitalization

Confidence in using digital applications 66.2% 66.2% 66.0% 0.94

Aware where to find health information on the internet 69.0% 67.8% 71.9% 0.66

Data privacy/security concerns 49.1% 48.1% 51.4% 0.16

Performance expectancies and acceptance of DHS for a disease

Performance expectancies of DHS for any disease 57.4% 55.6% 61.7% <0.01

Performance expectancies of DHS for skin disease 38.6% 36.0% 44.4% <0.01

Acceptance to use DHS for any disease 47.5% 45.5% 52.3% <0.01

Acceptance to use DHS for a skin disease 36.4% 34.2% 41.6% <0.01

Willingness to discuss digital data in doctors’ consultation 66.5% 64.7% 70.8% <0.01

Willingness to pay for DHS 12.7% 12.2% 13.6% 0.38
vs. without 8.0; p < 0.14). 43.6% of participants with a skin In the general population, age, female gender, a high

condition used at least one of the DHS and hence more level of education, low concerns about data privacy,
often than participants without a skin condition (29.2%) and a high confidence in using DHS were significantly
(p<0.01). associated with higher use of a DHS (multivariate logis-
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TABLE 3  Multivariate logistic regression analysis of acceptance and use of DHS.

Skin disease in the last 12 months (reference: no)

Yes
Age roup (reference: > 60 years)
18-29 years
30-44 years
45-59 years
Sex (reference: male)
Female
Regional variation (reference: rural)
Urban county or city
School education (reference: low)
Medium
High
Confidence in using DHS (reference: low)
Neutral
High
Data privacy concerns (reference: high)
Neutral

Low

Acceptance of DHS Use of DHS
Total Skin disease Total Skin disease
aOR (95% Cl) aOR (95% Cl) aOR (95% Cl) aOR (95% Cl)

1.34 (1.09-1.66)

3.25(2.37-4.45)

2.88(2.22-3.74)

1.99 (1.54-2.56)

0.76 (0.63-0.93)

0.96 (0.78-1.19)

1.45 (1.07-1.96)
2.08 (1.56-2.77)

0.93 (0.65-1.33)
2.01 (1.48-2.73)

1.40 (1.07-1.83)
1.96 (1.57-2.46)

Physician contact for skin disease (reference: no contact)

Yes

Severity of skin disease (reference: mild [1-3])*

No severity (0)

Moderate severity (4-6)

High severity (7-10)
Nagelkerkes R?

0.208

2.93 (1.69-5.09)
4.17 (2.47-7.04)
1.73 (1.05-2.83)

0.83 (0.57-1.20)

1.09 (0.73-1.62)

1.27 (0.71-2.26)
1.89(1.07-3.32)

1.58 (0.80-3.11)
2.80 (1.56-5.03)

1.27 (0.75-2.14)
2.52 (1.64-3.86)

1.14(0.76-1.71)

1.03 (0.56-1.87)
1.19(0.76-1.85)
2.16 (1.22-3.81)
0.239

1.90 (1.54-2.34)

2.23(1.64-3.03)
2.12(1.63-2.76)
1.38 (1.06-1.80)

1.53 (1.26-1.87)

0.98 (0.79-1.20)

1.23(0.91-1.68)
1.39(1.04-1.87)

1.16 (0.80-1.67)
1.46 (1.06-2.00)

1.25(1.00-1.57)
1.44(1.11-1.89)

0.099

3.12(1.82-5.36)
2.76 (1.68-4.54)
1.68 (1.03-2.75)

2.02(1.39-2.92)

0.97 (0.66-1.43)

1.09 (0.62-1.93)
1.43 (0.82-2.50)

1.27 (0.66-2.46)
1.89 (1.07-3.32)

1.52(0.91-2.54)
1.82(1.21-2.73)

1.29 (0.87-1.90)

1.08 (0.60-1.92)
1.15(0.74-1.77)
2.11(1.23-3.64)
0.164

Abbr.: aOR, adjusted odds ratio (aOR > 1 present a higher chance for accepting/using DHS); Cl, confidence interval (95% Cl does not include the value 1)

Nagelkerkes R?: goodness of fit — the higher the value, the higher the model fit.
*Mild chosen as reference, as only 24 people had no severity of skin disease.

tic regression) (Table 3). Among the group with a skin
condition, age and gender had an even stronger impact
on DHS use. The use of a DHS was also positively asso-
ciated with a high severity of skin disease and female
gender.

Among the respondents with a skin disease who used
DHS, only a minority used them for their skin disease
(Figure 2). For example, 86% consulted the internet with
a health problem/disease but only 44.8% did so for their
skin disease (p < 0.01). Diagnosis support related to skin
diseases was only used in 9.7% (for all health conditions:
18.9%; p < 0.01), store-and-forward telemedicine in 2.0%
(for all health conditions: 16.2%; p < 0.01) and video consul-
tation in 1.5% (for all health conditions: 10.8%; p < 0.01). All
differences were significant. Additional subgroup analyses
are presented in the supplements (online supplementary
Tables S2,53).

DISCUSSION

This study aimed to explore the use and acceptance of
DHS in the German population and in dermatological
patients. The data reveal that about half of respondents
would be willing to use digital health services for diseases
or health problems with a majority expecting benefits.
Internet searches for health information were already com-
mon and a third of respondents had used a specific DHS.
Respondents with skin conditions reported higher use and
acceptance rates of DHS than respondents without skin
conditions, but a minority used DHS for their skin condition.
Younger, better-educated people with low concerns about
data privacy and digital competencies were more likely to
use and accept DHS.

In our survey, we found that 70% of respondents had
both confidence in using digital services and awareness
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1 14.3%
Passive health monitoring** 12.4%
p<0.01
18.9%
i 11.5%
Diagnosis support 9.5%
4 kP 2 p<0.01
16.2%
| 86%
Electronic patient record (ePA) 8%
p<0.14
10%
8.4%
Active health monitoring* 7.4%
p<0.01
10.8%
6.6%
Medication reminder 5.1%
p<0.01
10.2%
4.7%
Video consultation 3.5% 7
p<0.01
7.5%
! 2.5%
Store-and-forward telemedicine 1.8%
K p<0.01
4%
33.5%
Use of at least one of the applications (except internet) 29.2% 804
<0.
43.6% P
82% :
Use of at least one of the applications including the internet 79% G4
<0
88.9% ¥
0 10 20 30 40 50 60 70 80 90 100
[l with skin Disease (n = 630) [l Without Skin Disease (n = 1471) General Population (n = 2101)

FIGURE 1 Utilization of DHS in the last 12 months (General Population and Population with/without skin disease). *Applications that require active
patient input (e.g., with the help of questionnaires). **Applications that passively collect data on an ongoing basis, for example with the help of
wearables or sensors.

Internet use for information on disease .- <0.01
44.8% : ; i PR

Diagnosis support
Store-and-forward telemedicine
Video consultation

Medication reminder

Active health monitoring*

Passive health monitoring**

. Use for all health conditions - Use for skin disease

FIGURE 2 Population with a skin disease (n = 630): Use of DHS for all health conditions versus for a skin disease. *Applications that require active
patient input (e.g., with the help of questionnaires). **Applications that passively collect data on an ongoing basis, for example with the help of
wearables or sensors.
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of how to find health information online. This aligns with
another survey from De Santis et al. 2021 (81% with an
awareness on how to find health information online), but
contrasts with the HLS-GER 2 (2020) survey, where only
55% of respondents were aware of how to find online
health information.'>?° This difference may be due to
the survey design, time period, and population included
in each study.’>?° The increased reliance on digital ser-
vices in private and work-related environments during the
COVID-19 pandemic could explain the increased con-
fidence and awareness in our survey compared to the
HLS-GER 2.

Apart from competencies, our survey identified accep-
tance rates of 50% in the general population, which were
higher compared to the survey of De Santis et al. 2021,?°
where the rate was 42.3%. For skin disease-specific appli-
cations, the acceptance rate in our survey were lower in
comparison to the general acceptance rate. One poten-
tial explanation may be the lack of apps, as only 2% of
disease-specific apps focus on dermatology.*’

Our survey found that data privacy concerns were nega-
tively associated with the utilization and acceptance of DHS,
which aligns with prior research indicating them as a barrier
to digital health adoption.3"3? Addressing such reserva-
tions about data privacy may hence increase utilization and
acceptance of digital health applications.

A significant portion of the general population in Ger-
many used DHS for a disease or health problem (29.2%)
comparable to the rate reported in the HLS-GER 2 study
(31%)."° Utilization reported by De Santis et al. 2021 (61%)
may not be directly comparable as the definition also
covered apps for physical activity.”” We observed a more
common use of DHS that do not require interaction with
a healthcare provider such as passive health monitoring
(14.3%) in comparison to telemedicine (video: 4.7 and
store-and-forward: 2.5%). One hypothesis is that most
non-interactive applications are designed to complement
in-person consultations or are for patients use only, whereas
interactive DHS, especially telemedicine, are designed to
substitute for in-person physician visits. Patients tend to
prefer in-person consultations over telemedicine, explain-
ing the difference.>3** Furthermore, the constrained
adoption of telemedicine among dermatologists and
other physician groups likely contributes to the relatively
modest adoption rate among patients.>>° Improving
the adoption of telemedicine services in dermatological
practices is therefore important to increase usage among
patients.

Another crucial determinant of acceptance and usage is
the willingness to pay for services, which is often low for
DHS as evident from both our and other surveys.>’*® This
situation is primarily attributable to the prevailing cover-
age of most health services by Statutory Health Insurances
(SHI), which tends to keep out-of-pocket expenses and co-
payments ata minimum. However, it is worth noting that, at
present, there is no dermatology-specific application listed

in the official directory for evidence-based digital health
applications (DIGA-Verzeichnis des BfArM), which lists all
applications that are covered across all SHIs.>° In terms of
telemedicine, video consultations are covered by SHI, while
store-and-forward telemedicine services lack such cover-
age, which could explain its lower usage rate in comparison
to video consultations. In some cases, insurance companies
have established direct agreements with providers of der-
matological applications and store-and-forward telederma-
tology platforms,**4! that cover the cost to the insured.*%4!
To bolster the adoption of DHS, it becomes imperative to
enhance insurance coverage for evidence-based DHS and
minimize patient co-payments.*?

The survey revealed that participants with a skin disease
have higher acceptance and usage rates in comparison to
a population without a skin disease, which is in line with
other previous conducted surveys analyzing the associa-
tion of chronic conditions on the usage and acceptance of
DHS.">*3 Nonetheless, our results also reveal that people
with skin conditions use DHS more often than the gen-
eral population, but infrequently for skin conditions. This
may be attributed to a combination of factors including
the low availability of dermatological apps and services and
the need for DHS in other medical fields of this group, as
comorbidities are more common in a skin disease pop-
ulation, including psychological disorders, cardiovascular
diseases and infections.**~*¢ Additionally, people with poor
self-perceived health status are more likely to seek health
information online,*” which is consistent with our findings
of higher use of DHS among those with a high severity of
skin disease.

Previous research, as well as our own, has found that
younger and more educated individuals tend to have
higher usage and acceptance rates of digital health
applications.””*® However, these applications may not
confer the greatest benefit to these groups, given their
relatively lower disease burdens in comparison to more
disadvantaged segments of the population.*>>° Nowa-
days, factors such as digital competencies, experience with
technology, personal resources and social environment
play a larger role in determining utilization than access
to devices and the internet.’’? To increase participa-
tion and acceptance of DHS among groups with a lower
acceptance and use, it may be necessary to adopt design
elements that increase usability, train healthcare providers
to become multipliers for DHS and design interventions
that directly promote digital competencies among disad-
vantaged groups.'>°3 To ensure equity in access and quality
of care for all patients in the future, the effects of the intro-
duction of DHS into the healthcare system should be closely
analyzed.

An additional discrepancy we identified was that women
were more likely to use DHS, including internet usage
for health information, but men had higher acceptance
rates towards the use. Another study observed a similar
discrepancy,”® whereas the HLS-GER 2 study contradicts
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our findings, showing similar rates of digital health literacy
and use of apps between genders.'> Gender stereotypes on
technology may play a role in acceptance with society per-
ceiving technology often as manly.”> The actual utilization,
however, may resonate from the lower utilization rates of
general and preventive health care services among men.”®
Several limitations apply to our study. First, the data relies
on self-reports by participants. Some items, utilization of
DHS or presence of a skin disease, are therefore prone to a
recall bias. Items, such as digital competencies (e.g., gender
differences), and actual participations in the survey, might
be prone to cultural and societal expectations as already
discussed. However, following the research objectives, this
study needed to focus on subjective opinion from the peo-
ple interviewed. Second, some items of the survey were not
validated, but were either self-developed or items adapted
to our research question based on available questionnaires.
Still, the majority of items is based on appropriate liter-
ature. Third, many themes were based on a single item,
which does not allow to analyze these aspects from differ-
ent angles or in-depth. We decided to reduce the number
of items per theme to avoid survey fatigue among partic-
ipants, but still be able to analyze associations between
themes. Nevertheless, a major proportion of our findings is
backed by literature from other countries and indications.

CONCLUSIONS

Our study indicates that although respondents with a skin
disease have higher usage and acceptance rates of DHS
in comparison to a population without a skin condition,
a minority of this population used a DHS for their skin
disease. The identified gap can be read as a significant
potential for DHS in the field of dermatology as patients
are already familiar with applications from other medical
fields. In the general population, the utilization of DHS is
moderate to low. The survey also revealed digital inequal-
ities, highlighting the need to address these disparities and
ensure that evidence-based DHS are accessible to all mem-
bers of society. To ensure that DHS are effectively integrated
into dermatological care, it is crucial to develop strategies
that promote the implementation of evidence-based DHS
in clinical routines. It is imperative to closely monitor the
effects of implementing DHS on already existing health
inequities and conduct further research to identify unmet
patient needs.
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Abstract

Background/Objective: Despite supporting guidelinesand evidence, teledermatology
adoption in Germany is low, also possibly due to a lack of services that reflect
patients' preferences. This study investigates these preferences in psoriasis care and
the influence of sociodemographic, geographic and disease-related factors.
Methods: A discrete choice experiment was conducted. The attributes included the
two teledermatology modes (live-interactive, store-and-forward), treating physician,
possibility to ask questions and acknowledgment of concerns. The opportunity to
prefer the standard of care was given. Participants were randomly assigned to two
scenarios: consultation for acute flare-ups or follow-up. Conditional logit models
were used for analysis.

Results: Among 221 patients with psoriasis (mean age: 58.9 years, 39.8% female), a
general preference for the standard of care was observed (acute: f=-0.86, p=0.001;
follow-up: B=-1.24, p=0.001). Factors that positively influenced preference for tel-
edermatology were medical care provided by the known physician (acute: f=0.49,
p<0.001; follow-up: p=0.51, p<0.001), the possibility to ask questions (acute:
[=0.35, p<0.001; follow-up: p=0.52, p<0.001) and a very good acknowledgment of
patients' concerns (acute: p=0.48, p <0.001; follow-up: p=0.50, p <0.001). Immediate
feedback (<24h) was crucial in acute consultations (f=0.51, p<0.001). No prefer-
ence for a teledermatology mode was noted in either scenario. In both scenarios,
lower privacy concerns and higher technology acceptance positively influenced
teledermatology preference. In acute care, current long waiting times, whereas in
follow-up care, current regular blood sampling positively influenced the preference
for teledermatology.

Conclusion: Patients with psoriasis generally preferred standard-of-care over tele-
dermatology. However, certain attributes positively influenced their preference for
teledermatology, including consultations with their known treating physician, ac-
knowledgment of patient concerns and prompt consultation during acute flare-ups.
Adapting services to these preferences could increase the use of teledermatology.

during consultation hours hinder effective patient-provider
collaboration and could be associated with dissatisfaction.””

Despite advancements in treatment for psoriasis,l’2
approximately 45% of patients opt out of treatment and
60% are dissatisfied with their current medication.” Factors
such as high caseloads in dermatological care leading to
long waiting times for appointments and time constraints

The situation will be intensified by demographic transition
that may also increase regional disparities in care.”
Teledermatology utilizes communication technologies
to exchange medical information, overcoming geographic
and temporal barriers.® It is considered to improve care
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efficiency, flexibility and patient-centredness, particularly
in rural areas and mitigate the upcoming challenges.®’
Communication can be either synchronous (live interactive;
LI), often conducted as video consultation, or asynchronous
(store-and-forward; S&F), similar to instant messaging or
email. Each mode offers distinct benefits and challenges.>"°
Both options offer various use cases for psoriasis manage-
ment, including consultations for follow-ups, acute care and
referrals.® In 2020, the German consensus-based guideline
on teledermatology especially recommended its use for
follow-ups of patients with psoriasis, as sufficient evidence is
available.>"'"" In addition, several studies report high satis-
faction among patients and physicians with teledermatology
services'"” and research exists that describes sufficient ac-
ceptability to use digital health services among dermatolog-
ical patients.”***

Nevertheless, the uptake of teledermatology in Germany
remains limited. In 2023, only 16,000 LI-teledermatology
consultations took place, and fewer than 5% of dermatologi-
cal patients used these services.””*>">* One contributing fac-
tor is the insufficient reimbursement for LI-teledermatology
and the absence of general reimbursement for S&F teleder-
matology.”® Currently, S&F services are paid out of pocket,
with only a few existing contracts between providers and
statutory health insurers.”’

Another reason could be the missing fit between teleder-
matology offerings and patient preferences. Yet, studies
exploring preferences were primarily conducted outside
Europe and less in the context of chronic dermatological
conditions.”** One recent study from Germany examin-
ing telemedicine preferences in primary care used the dis-
crete choice experiment (DCE) methodology’"** and found
that patients prefer telemedicine when the consultation is
conducted by their general practitioner.” It is still unclear
whether these findings extend to chronic skin conditions.

To address these research gaps, we developed a DCE to
identify the preferred characteristics of teledermatological
care among patients with psoriasis. In addition, we aimed to
examine how these preferences interact with demographic,
socioeconomic, geographical, disease-specific and care-
specific parameters. The findings can help design telederma-
tology services that better align with patients' perspectives.*®

METHODS

In a DCE, patients choose between several hypothetical care
scenarios, usually two or three, each differing in specific
attributes (e.g. waiting time), which vary according to
pre-defined levels (e.g. 30min, 1h, 2h). By selecting their
preferred scenario, patients indirectly indicate the relative
importance of these attributes, enabling the identification of
their preferred way of care.”

The study was approved by the local ethics committee
at the University Medical Center Hamburg-Eppendorf and
conducted in accordance with Good Scientific Practice and
the Declaration of Helsinki.**

Why was the study undertaken?

o Despite available guidelines and evidence, teleder-
matology adoption in Germany remains low, pos-
sibly because current services do not fully meet
patient preferences. This study explores what
patients with psoriasis prefer in teledermatology
and examines how factors like age, location and
disease severity influence these preferences.

What does this study add?

o This discrete choice experiment revealed that while
patients with psoriasis generally prefer standard-
of-care, certain factors—such as continuity with
their treating physician, addressing patient con-
cerns and timely consultations during flare-ups—
make teledermatology more appealing.

What are the implications of this study for
disease understanding and/or clinical care?

o When tailoring teledermatology services to iden-
tified patient preferences, it could help boost
adoption in psoriasis care.

To ensure that the DCE was both realistic and relevant for
patients, we reviewed existing literature,®!!230-3336744 o
sulted experienced dermatologists and analysed focus group
transcripts from a study on digital health—including LI and
S&F teledermatology—among dermatologists, nurses and

dermatological patients.*'

Use case scenarios

Several teledermatology use cases exist, and we selected the
most applicable scenarios for patients using the described
data. We excluded initial consultations (not recommended
by the consensus guideline on teledermatology)," secondary
opinions (considered irrelevant within the focus groups) and
referrals (patients are not actively involved in the process).

Instead, we included follow-up consultations (supported
by the consensus guideline)'; and acute care (used by pa-
tients with urgent symptoms to bypass waiting times).*' We
added an explanation of electronic prescriptions to both
scenarios, noting that while mandatory in Germany from 1
January 2024, most patients likely had no prior experience or
awareness during data collection.>*

Attributes and levels

The literature review and analyses of focus groups were
used to construct a list of potential attributes (Table S1).
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TABLE 1 Discrete choice attributes and levels.

Attribute Level

1. Type of consultation o Store-And-Forward teledermatology
o Live-interactive teledermatology

2. Treating physician o Unknown dermatologist without
access to patient data
« Unknown dermatologist with access to

patient data
« Known doctor treating psoriasis
3. Possibility to ask « No questions (blocked for LI TD)
questions o Limited questions
« Comparable to on-site consultations
(blocked for S&F TD)
4. Acknowledgment of « Satisfactory
concerns » Good
« Very good
5. Waiting time (acute o 4-7days
scenario only) o 2-3days
o Upto24h

We conducted semi-structured qualitative interviews
with six patients, two digital health entrepreneurs and
two dermatologists experienced in teledermatology.
Interviews recommended by the International Society for
Pharmacoeconomics and Outcomes Research (ISPOR)™
were conducted to validate, refine and prioritize attrib-
utes from the patient's perspective. To achieve the latter,
participants were asked to identify and justify their five
most important attributes (Table S2). After reviewing all
data sources, we selected five attributes (with correspond-
ing levels) for the acute care scenario and four for the fol-
low-up care scenario (Table S2; Table 1). Waiting time was
deemed crucial only in the acute scenario because of the
nonurgent nature of follow-ups. Costs were not consid-
ered because LI is covered by statutory health insurance
in Germany, and patient feedback indicated a reluctance
to pay for S&F.

Choice sets and the questionnaire

Each choice set comprised two unlabelled teledermatol-
ogy options (Option A and B) alongside an opt-out choice
(Option C: standard-of-care) to enhance realism (Figure 1).%6
To streamline the number of choice tasks, a fractional fac-
torial design was employed, optimizing precision through
a D-efficient Bayesian design within the R-statistic Idefix
package.*®"” The attribute level ‘no patient questions pos-
sible’ was blocked for LI and the level ‘comparable to on-
site consultation’ was blocked for S&F because both were
considered implausible. Attributes were effect-coded to fa-
cilitate a clearer interpretation of the results.”*® The con-
struction resulted in 16 choice sets per scenario that patients
had to evaluate.

The survey collected sociodemographic data (age, sex),
geographic information (by postcodes), disease/health-
specific items (disease duration, SF-36 general health item)*®

Acute scenario introduction:

You have an acute flare-up of your psoriasis, i.e. a sudden increase in
itching, redness and inflammation of your skin. Your condition is very
unpleasant but not so bad that you need to go to the hospital or the
emergency room. Please decide on the following pages for the treatment
option that offers you the greatest added value during an acute flare-up.

OR

Follow-up scenario introduction:

You would like to attend your next check-up appointment for your
psoriasis. On the following pages, please choose the treatment option that
offers you the greatest added value for your next check-up appointment.
If you need a blood test for your treatment, this can be done without an
appointment at a GP office and takes about 15 minutes. The results of
the test will then be forwarded to you and the physician treating you.

Example of choice set for the acute scenario:

Option A Option B Option C
Type of Store-and- Live-
consultation Forward interactive

teledermatology teledermatology
Treating Unknown Unknown
physician dermatologist dermatologist

with access to  without access Usual

my data to my data consultation
Possible to ask  Limited Comparable on-site with

. ! X my physician
questions questions to on-site
consultations

Acknowledgment Good Very good
of concerns
Waiting time Up to 24h 2to 3 days
Your decision ] ] ]

FIGURE 1 Scenario description and choice set example.

and the Patient Global Assessment in Psoriasis (PtGA).*
This was followed by the DCE (acute or follow-up care
scenario) and items to evaluate the difficulty of the DCE.
Further items covered patients' current care situation, in-
cluding type of treatment, regular blood sampling due to
treatment, length of patient-physician relationship, waiting
time for an appointment or for an acute flare-up, total time
required to attend a consultation (waiting time in the clinic/
practice, consultation and travel time) and the total number
of appointments per year. We also gathered data on type of
insurance, educational level and household income. General
acceptance of technology and technological competencies
was assessed using the first two scales of the “Technology
Commitment’ instrument.> Privacy concerns were gath-
ered using two items from a recently published study.”"

Cognitive interviews using probing and thinking aloud
were conducted to refine the questionnaire in two rounds,
with at least five patients.”

Recruitment and conduction

Using Johnson and Orme's rule of thumb,”* we cal-
culated a sample size of 125 patients per scenario. We
recruited participants through two psoriasis patient asso-
ciations: Deutscher Psoriasis Bund e.V. (German Psoriasis
Association, DPB, approximately 1700 members invited)
and Psoriasis Netz e.V. (Psoriasis Network Association,
around 3000 members invited). Additionally, we shared
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the survey link in a German Facebook group for psoriasis,
‘Schuppenflechte (Psoriasis Deutschland)’ with approxi-
mately 18,000 members. Participants were randomly as-
signed to either the acute or follow-up scenario. The survey
was conducted via Unipark in January and February 2024.

Data analysis

Patient characteristics were analysed descriptively. To
assess the randomization process, we compared group
characteristics using t-tests for continuous variables and
chi-square and F-tests for categorical variables. For the
analysis of DCE data, main-effects and interaction-effects
conditional logit models (CLM) were fitted, as these are
recommended by ISPOR.*® For this purpose, we used the
clogit function in the survival package in R statistics.”>>¢
Significance level was set at 5%.

Main-effects models were used to estimate the influence
of each attribute on patients' consultation preferences. In
this model, a significant coefficient indicates the impact of
an attribute on patients' choice of consultation.

Interaction-effect models were used to estimate the in-
teraction of sociodemographic, disease-specific and health-
care service-related characteristics on the decision to use or
reject teledermatology (Option A/B vs. Option C).

RESULTS
Participants' characteristics

Of the 674 visitors to the survey page, 378 agreed
to participate, and 221 (58.5%) completed the DCE.
Responder and non-responder characteristics did not
differ significantly (Table S3). Responder rates varied by
organization/group utilized for invitation: 8.9% (151/1700)
for DPB, 1.4% (48/3500) for Psoriasis Netz e.V. and 0.1%
(22/18,000) for the Psoriasis Facebook Group (Table S4).
Responders from the DPB were younger than overall DPB
members (60+ years: 61.7% of responders vs. 70.5% of all
DPB members; Table S5). No comparable demographic
data was available for the two other organizations/groups.
No differences in collected characteristics were found
between the acute and follow-up scenario groups (Table 2).
Hence, the following descriptions summarize the overall
study population data (Tables 2 and 3). The mean age was
58.9years (SD 13.0); 60.2% were female, 73.9% were urban
residents, 67.5% had high school education and 86.5% had
statutory health insurance.

The mean PtGA (0-10, higher scores indicate greater
psoriasis severity) was 4.1 (SD 2.6), with 22.3% scoring
>7, reflecting severe psoriasis (Table 3). In the past year,
85.4% had at least one psoriasis-related consultation (me-
dian =4; Interquartile Range [IQR] =2-4). In 67.6% of par-
ticipants, a dermatologist treated the psoriasis and 60.1%
had the same treating physician for over 5years. Over

80.3% required more than an hour to attend a consulta-
tion (including arrival, departure, waiting and consulta-
tion time); 29.7% exceeded 3 h. During acute flares, 38.8%
waited over a week for a consultation, whereas only 17%
waited between 1 and 3 days. Topical therapies were most
common (64.0%), followed by systemic therapies (subcuta-
neous 41.1%; oral 18.9%); 6.3% received no therapy. Most
injections (82.1%) were self-administered. Nearly two
thirds (63.9%) regularly underwent blood sampling for
laboratory controls as part of their treatment.

The overall study population rated their perceived pri-
vacy risk associated with using a teledermatology solution
as low (M =2.4; SD=1.0), their general technology accep-
tance as moderate to high (M=3.3; SD=0.9) and their
technological competencies as high (M =4.2; SD=0.9), all
on a scale from 1 (low agreement) to 5 (high agreement)
(Table 4). Only 24.8% had any experience with telemedi-
cine, with 11.8% reporting positive, 9.0% neutral, and 4.2%
negative experiences. Participants rated the choice set de-
scription (M =3.6; SD =1.0), task understanding (M =3.7;
SD =1.0) and ease of choice making (M=3.5; SD=1.0) as
moderate to high. Willingness to pay for both telederma-
tology modes was low (S&F, median=0, IQR=0-20; LI,
median=0, IQR=0-20).

Preference estimates

Results from the main effects CLMs are detailed in Figure 2
and Table S6. In the two scenarios, participants generally
preferred their standard of care. All attributes except for
telemedicine mode (S&F or LI) significantly influenced
decision-making in both scenarios. Teledermatology op-
tions were preferred if they involved their known physi-
cian, the possibility to ask a limited number of questions
and very good acknowledgment of concerns. For acute
care, a response time of <24h was significant, with no
significant preference for response times of 2-3 days over
4-7 days.

Figure 3 displays the interaction effects (full model pro-
vided in Table S7). In acute care, current waiting times lon-
ger than 1 week, low privacy risk concerns, high technology
acceptance and age over 63years significantly increased
preference. In contrast, a high level of education, moderate
disease severity and medium length of physician relation-
ship reduced interest.

In follow-up care, a high level of education and a con-
sultation time investment of more than 1h had a strong
negative impact on the preference. Regular blood sam-
pling had the strongest positive effect on the preference
towards teledermatology, where the scenario allowed pa-
tients to have their blood sample drawn by their general
practitioner. Severe disease, low privacy risk perception
and greater technology competence also increased the
preference. Factors including age >63years, female sex,
high education, rural residence and long physician rela-
tionship lowered the preference.
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TABLE 2 Patient demographics.

Overall population Acute care scenario Follow-up care
(n=221) (n=121) scenario (n=100) p
Age, mean (SD) 58.9 (13.0) 59.4 (12.2) 58.5 (14.0) 0.60
Age group, n (%) 0.36
18-39years 16 (7.3) 6 (5.0) 10 (10.0)
40-62years 113 (51.6) 66 (55.5) 47 (47.0)
63 years and older 90 (41.1) 47 (39.5) 43 (43.0)
Missing 2 2 0
Sex, 1 (%) 0.82
Male 86 (39.8%) 47 (40.5%) 39 (39.0%)
Female 130 (60.2%) 69 (59.5%) 61 (61.0%)
5 5 0
Regional variation, # (%) 0.99
Urban 153 (73.9%) 85 (73.9%) 68 (73.9%)
Rural 54 (26.1%) 30 (26.1%) 24 (26.1%)
Missing 14 6 8
School education, 1 (%) 0.215
Low 13 (6.2) 10 (8.8) 3(3.2)
Middle 54 (26.2) 27 (23.9) 27 (29.0)
High 139 (67.5) 76 (67.3) 63 (67.7)
Missing 15 8 7
Health insurance, n (%)
Statutory Health Insurance (SHI) 151 (72.6) 83 (72.8) 68 (72.3)
SHI + private health insurance 29 (13.9) 14 (12.3) 15 (16.0)
Private health insurance 28 (13.5) 17 (14.9) 11 (11.7)
Missing 13 7 6
Net income per household person, 1 (%) 0.33
<1.300 € 31 (20.5%) 17 (20.2%) 14 (20.9%)
1.300 € and 2.599 € 62 (41.1%) 34 (40.5%) 28 (41.8%)
2.600 € and 3.599 € 15 (9.9%) 12 (14.3%) 3 (4.5%)
3.600 € and 4.999 € 13 (8.6%) 7 (8.3%) 6 (9.0%)
>5.000 € 30 (19.9%) 14 (16.7%) 16 (23.9%)
Number of persons in household, mean (SD) 2.1(0.9) 2.0 (1.0) 2.2 (0.9) 0.12
Missing 68 35 33
DISCUSSION patients in our study have a long-standing relationship with

This discrete choice experiment is the first to explore tele-
dermatology preferences of patients with psoriasis. Findings
indicate a general preference for standard-of-care, though
preferences shifted towards teledermatology when it involved
the known physician, allowed questions and when physicians
thoroughly acknowledged concerns. A consultation within
24h during flare-ups also increased teledermatology prefer-
ence. Patients with fewer privacy concerns, higher technology
acceptance and longer waiting times in acute scenarios were
more likely to prefer teledermatology. Notably, there was no
preferred teledermatology mode (S&F; LI).

In both care scenarios, continuity with the known physi-
cian was crucial, as highlighted by several DCEs.**”*® Most

their physician, which seems to outweigh the option of con-
sulting with an unknown dermatologist that has access to
the medical records, even in acute situations.

In the acute care scenario, short waiting times was cru-
cial, aligning with previous DCEs.”>”*® However, only
responses within 24h positively influenced preference to-
wards teledermatology. This reflects that patients with
long appointment waits (>1 week), benefited from all DCE
teledermatology options, as the longest waiting period in
the DCE was 4-7 days’. Those with shorter waits (<1 week)
only favoured teledermatology, if response was given in less
than 24h.

Acknowledgment of patient concerns and the possibil-
ity to ask questions were crucial for patients, aligning with
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TABLE 3 Healthcare status quo of patients.

General health (SF-36), n (%)
Excellent or very good
Good
Fair or poor
Missing
PtGA (NRS 0-10), mean (SD)
PtGA, Groups, 1 (%)
PtGA <2 (minimal)
PtGA 3-6 (moderate)
PtGA =7 (severe)
Missing
Duration since the first onset, mean (SD)
Missing
Patients with at least one consultation, n (%)
Missing
Number of consultations, median (IQR)

Missing

Psoriasis treating medical specialty (primarily), n (%)

General practitioner
Dermatologist
Rheumatologist
Another medical specialty
Missings
Length of physician relationship, 7 (%)
<lyear
1-2years
3-4years
5years or longer
Missing
Total time required for consultation, n (%)
<lh
Max. 2h
Max. 3h
>3h
Missing

Regular waiting time in case of acute flare, 1 (%)

<l day

1-3days

Max. 1 week
More than 1week
Do not know

Missing

Regular blood sampling due to psoriasis treatment, 1 (%)

Overall population
(n=221)

26 (12.0)
121 (55.8)
70 (32.3)
4
4.1(2.6)

76 (34.5)
95 (43.2)
49 (22.3)
1

30.5 (19.7)
3

181 (85.4)
9

4 (2-4)

4

10 (5.6)
121 (67.6)
34 (19.0)
14 (7.8)

2

17 (8.2)
30 (14.4)
30 (14.4)
125 (60.1)
13

40 (19.7)
74 (36.5)
47 (23.2)
42 (20.7)
18

12 (5.7)
23 (11.0
44 (21.1
81 (38.8
49 (23.4
12

115 (63.9)
1

)
)

)
)

Acute care scenario
(n=121)

13 (11.1)
64 (54.7)
40 (34.2)
4

4.0 (2.8)

44 (36.7)
47 (39.2)
29 (24.2)
1

30.7 (19.7)
3

96 (82.1)
4

4(2-4)

2

7 (7.4)
61 (64.2)
19 (20.0)
8(8.4)

0

13 (11.8)
16 (14.5)
18 (16.4)
62 (56.4)
8

23 (20.4)
32 (28.3)
26 (23.0)
28 (24.8)
12

10 (8.8)
16 (14.0)
20 (17.5)
40 (35.1)
28 (24.6)
7

66 (69.5)
1

Follow-up care
scenario (n=100) P

0.77
13 (13.0)
57 (57.0)
30 (30.0)
0
42 (2.4) 0.70
0.42
32 (32.0)
48 (48.0)
20 (20.0)
0
30.36 (19.7) 0.88
0
85 (89.5) 0.13
5
4 (2-5) 0.18
2
0.64
3(3.6)
60 (71.4)
15 (17.9)
6(7.1)
2
0.26
4(4.2)
14 (14.7)
12 (12.6)
63 (66.3)
5
0.10
17 (17.9)
42 (44.2)
21 (22.1)
14 (14.7)
6
0.07
2(2.1)
7 (7.4)
24 (25.3)
41 (43.2)
21 (22.1)
5
49 (57.6) 0.09
0
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TABLE 3 (Continued)

Overall population Acute care scenario Follow-up care
(n=221) (n=121) scenario (n=100) P
Current treatment of psoriasis, # (%)
Tablet 36 (17.3) 18 (15.9) 18 (18.9) 0.57
Injection 82 (39.4) 43 (38.1) 39 (41.1) 0.66
Infusion 3(1.4) 2(1.8) 1(1.1) >0.99
Phototherapy 16 (7.7) 11 (9.7) 5(5.3) 0.23
Topical therapy 139 (62.9) 75 (62.0) 64 (64.0) 0.86
Currently, no therapy 13 (6.3) 9 (8.0) 4(4.2) 0.25
Missing 13 8 5
If injection, who is applying the injection, n (%) 0.96
Staff in clinic/practice 7 (8.5) 4(9.3) 3(7.7)
Patient himself 67 (81.7) 35 (81.4) 32(82.1)
Third person 8(9.8) 4(9.3) 4(10.3)

TABLE 4 Difficulty, privacy risk and technology commitment.

Overall population Acute care scenario Follow-up care
(n=221) (n=121) scenario (n=100) P
Privacy risk and technology commitment (1: do not agree; 5: fully agree)
Perceived privacy risk (1-5), mean (SD) 2.4 (1.0) 2.5(1.1) 2.3(0.9) 0.08
Technology commitment (1-5) — acceptance, mean 3.3(0.9) 3.2(0.9) 3.4(0.9) 0.20
(SD)
Technology commitment (1-5) — competencies, mean 4.2(0.9) 4.1(0.9) 4.3(0.8) 0.05
(SD)
Missing 20 11 9
Experience with telemedicine, 7 (%)
Positive experience 25 (11.8) 16 (13.7) 9 (9.5) 0.35
Neutral experience 19 (9.0) 13 (11.1) 6 (6.3) 0.22
Negative experience 9 (4.2) 6 (5.1) 3(3.2) 0.36
No experience 161 (75.2) 83 (70.3) 78 (81.3) 0.06
Missing 7 3 4
Difficulty of discrete choice (1: do not agree; 5: fully agree)
Description of choice sets was clear (1-5), mean (SD) 3.6 (1.0) 3.7(0.9) 3.5(1.1) 0.09
Task was easy to understand (1-5), mean (SD) 3.7 (1.0) 3.8(0.9) 3.7 (1.1) 0.59
It was easy to make a choice (1-5), mean (SD) 3.5(1.0) 3.6 (1.0) 3.6 (1.1) 0.47
Missing 7 2 5
Willingness to pay for teledermatology in € (median, IQR)
Store-And-Forward 0 (0-20) 2.5 (0-20) 0 (0-11) 0.20
Live-Interactive 0 (0-20) 7.5 (0-25) 0 (0-20) 0.20
Missing 58 31 27

previous DCEs*®* and reflecting patients' dissatisfaction

with insufficient time and attention from physicians for
their condition.’

The lack of a preference between S&F and LI telederma-
tology modes might stem from patients' limited telemedicine
experience, making it difficult to assess each mode's advan-
tages. Despite explanations, benefits such as flexibility (e.g.
no scheduled appointments)'® might become clear with ac-
tual use.

It appears counterintuitive that patients with higher
education and larger time requirements for a consultation
preferred standard-of-care. Especially, as both higher ed-
ucation and potential time savings are associated with a
higher acceptance and preference for telemedicine.**%°
However, two key considerations are relevant: First, patients
with large time requirements become tolerant to long travel
distances.”' Second, highly educated patients with psoriasis
often travel farther for appointments and actively participate
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Main effects: Acute care Main effects: Follow-up care
Acute care Follow-up care
Coef. 95% CI Coef. 95% CI
Consultation mode
Standard of Care (Ref.) ® ® 0.00 [0.00; 0.00] 0.00 [0.00; 0.00]
Teledermatology (Li or S&F) - - -0.86 [-0.95;-0.77] -1.24 [-1.34;-1.14]
Type of telemedicine —|
Store-And-Forward (Ref.) ® ® 0.00 [0.00; 0.00] 0.00 [0.00; 0.00]
Live interactive ‘o TS 0.04 [-0.04;0.13] 009 [-0.01;0.17]
Treating physician —|
Unknown dermatologist w/o access to data (Ref.) ® ® 0.00 [0.00; 0.00] 0.00 [0.00; 0.00]
Unknown dermatologist w/ access to data @ k. -0.05 [-0.14; 0.03] 0.05 [-0.05; 0.14]
Known doctor treating psoriasis - h 049 [0.40; 0.57] 0.51 [0.42; 0.60]
Possibility to ask questions —
No questions (Ref.) [ ) @ 0.00 [0.00; 0.00] ©0.00 [0.00; 0.00]
Limited questions -8 - 021 [0.12; 0.29] 0.36 [0.26; 0.45]
Comparable to on-site consultation hours —0— —o— 0.34 [0.21; 048] 0.53 [0.38; 0.68]
Acknowledgement of concerns —|
Satisfactory (Ref.) [ ] ® 0.00 [0.00; 0.00] 0.00 [0.00; 0.00]
Good ~o- o 0.07 [-0.01;0.16] 0.07 [-0.01; 0.18]
Very good - - 049 [0.40; 0.57] 0.50 [0.41; 0.60]
Waiting time (only in acute care) —
4to 7 days (Ref.) ® 0.00  [0.00; 0.00]
2 to 3 days & -0.03 [-0.11; 0.05]
<24h o= 050 [0.42; 0.58]
T T 1 f T T T 1
-0.5 0.0 0.5 10 15 -10 -05 0.0 0.5 1.0
FIGURE 2 Main effects models: acute and follow-up care.
Interaction effects: Acute care Interaction effects: Follow-Up care
Acute care Follow-Up care
Coef. 95% CI Coef. 95% CI
Sociodemographic characteristics —
Age 263 years (Ref. <63 years) - @ 0.62 [0.20; 1.03] -0.35 [-0.63; -0.07]
Sex (Female) (Ref. Male) —o— o 026 [-0.19;0.70]  -0.71 [-1.03;-0.39]
Education (High) (Ref. Low/Medium) —— & -1.14  [-1.69;-0.60] -1.58 [-1.89; -1.27]
Rural (Ref. Urban) —o— e 0.04 [-0.50; 0.59] -0.96 [-1.28; -0.63]
Disease Severity —|
PtGA 3 —6 (Moderate) (Ref. < 2) =0 & -0.75 [-1.32;-0.18] 0.12 [-0.21; 0.46]
PtGA 2 7 (Severe) (Ref. < 2) —— —— -0.10 [-0.62; 0.41] 0.79 [0.32; 1.25]
Regular blood sampling —|
Yes (Ref. No) - * -0.11 [-0.53; 0.30] 1.10 [0.82; 1.38]
Waiting time for acute flare up —
Max. one week (Ref. 0 to 3 days) —0— 0.24  [-0.30; 0.79]
More than one week (Ref. 0 to 3 days) = = 2.89 [2.42; 3.36]
Total time investment for consultation —
Max. 2 hours (Ref. max. 1 hour) —— - -0.14 [-0.78; 0.50] -1.55 [-1.98; -1.12]
Max. 3 hours (Ref. max. 1 hour) —— —o— -0.71  [-1.53;0.10]  -0.92 [-1.39; -0.44]
3 hours or longer (Ref. max. 1 hour) —— —o— -0.57 [-1.20; 0.06] -0.98 [-1.51; -0.46]
Length of practice affiliation —
3 —4 years (Ref. 0 — 2 years) —o— - -0.90 [-1.49;-0.32] -0.11 [-0.56; 0.34]
5 years or longer (Ref. 0 — 2 years) —— - -0.03 [-0.55; 0.50] -0.56 [-0.91; -0.22]
Privacy Risk / Technology commitment —
Perceived Privacy Risk (<3) (Ref.: 23) == -o- 140 [0.93; 1.88] 0.82 [0.49; 1.15]
TC - Acceptance (2 - 3) (Ref. <2) - -o- 1.80 [1.34; 2.26] 0.64 [0.26; 1.02]
TC - Acceptance (24) (Ref. <2) —o— —o— 297 [2.45; 3.50] 0.83 [0.39; 1.28]
TC — Competences (24) (Ref.: <4) —»— - 0.13 [-0.34;0.59] 056 [0.13; 1.00]
r T T r T T 1
-4 2 0 2 4 -4 2 0 2 4
FIGURE 3 Interaction effect model: acute and follow-up care.
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in decision-making, which could be perceived as restricted
in teledermatology.®*

Age, sex, urban/rural residency, disease severity and
length of physician relationship impacted preferences for
teledermatology differently in the two scenarios. The un-
derlying reasons can only be hypothesized. Older partici-
pants may favour telemedicine in acute situations to avoid
the physical strain of visiting healthcare facilities, whereas
younger individuals may prefer it for follow-ups to fit their
work schedules. The non-significant sex-based preference
for acute situations aligns with previous DCEs in primary
care,”® unlike in follow-up care situations. Here, teleder-
matology may ease integrating quarterly visits into daily
routines, particularly for full-time employees—predomi-
nantly male in Germany.®® Disease activity was irrelevant in
acute scenarios because all participants imagined a similar
flare-up, whereas in follow-up situations, high disease se-
verity could make travel to a physician more burdensome.
Finally, urban residents were more likely to embrace teleder-
matology, a trend already noted in previous research.®>®”

Concerns on data privacy, lower technological competen-
cies and lower acceptance of technology negatively affected
preferences towards telemedicine, which aligns with exist-
ing literature.””" These findings align with the concept of
a second-order digital divide, wherein disparities in the use
of technologies are driven not by lack of access, but by dif-
ferences in acceptance and competencies.”® Because teleder-
matology can offer faster, more accessible treatment and is
already used to bypass waiting times,*' it may impact exist-
ing healthcare inequities, highlighting the need for monitor-
ing and proactive interventions.

In addition to patient preferences, structural constraints
within the healthcare system must be considered. While
patients favour a fast response (within 24 h) and continuity
of care, our analysis revealed that 40% of patients currently
wait more than a week for treatment. This raises the ques-
tion of whether teledermatology alone can realistically meet
patient preferences.

These challenges are likely to intensify due to three fac-
tors: (1) Demographic transition: A declining number of
physicians paired with an increasing patient population.’”
(2) Physicians' work-life balance: A growing demand for re-
duced and more flexible working hours.” (3) Shift towards
medical care centres (Medizinische Versorgungszentren)
employing multiple physicians,”" which reduces the like-
lihood that patients are continuously treated by the same
physician. However, because challenges also affect in-person
consultations, patient preferences for teledermatology might
adapt over time.

Although private teledermatology platforms in Germany
are moving towards faster response times (approaching 24 h)
and offering the ability to choose a physician,*"’* the scal-
ability of this approach remains uncertain.

We excluded costs from the DCE because LI-
teledermatology is covered by health insurance in Germany
and S&F in exceptions. Patients are generally unaccus-
tomed to out-of-pocket expenses, as evidenced by the low

willingness to pay also observed in our survey and previous
research.”” Therefore, covering costs by health insurances is
crucial for a successful implementation in Germany.*"”*

This study has several limitations and may not be applica-
ble for all patients with psoriasis. First, patients from patient
organizations, which are typically more informed and criti-
cal, do not accurately represent the broader patient popula-
tion.””® Our sample was older and more female-dominated
than the psoriasis patient population.”” Second, the low re-
sponse rate, varying by invitation group, suggests potential
nonresponse and volunteer bias. This is further suggested by
the inclusion of relatively younger members of the DPB who
participated, indicating an underrepresentation of patients
with lower digital competence. DCEs are constrained by
the number of attributes they can include, leaving out po-
tentially relevant attributes such as costs.’”® Despite these
limitations, this study is the first DCE on teledermatology
for psoriasis. Further research to validate and expand our
findings is necessary.

CONCLUSION

The discrete choice experiment explored patient preferences
that could improve teledermatology adoption in Germany.
While standard-of-care was generally preferred, preference
for teledermatology improved when patients were consulted
by their known physician, had their concerns acknowledged
and could ask questions. A consultation within 24h was
important for acute situations. High technology acceptance
and competencies, along with low perceived privacy risks,
notably enhanced preferences for teledermatology. These
results offer valuable insights for policymakers, researchers
and healthcare providers to develop patient-valued teleder-
matology models.

AUTHOR CONTRIBUTIONS

Patrick Reinders: Conceptualization, methodology, data
collection, data analysis and interpretation, writing—origi-
nal draft, project administration and visualization; Brigitte
Stephan: Conceptualization, review and editing and data
interpretation; Matthias Augustin: Supervision, data inter-
pretation, data collection, writing—review and editing; and
Marina Otten: Supervision, methodology, conceptualiza-
tion, data interpretation, and writing—review and editing.

ACKNOWLEDGEMENTS

The authors thank the Scientific Communication Team of
the IVDP, in particular Julia Zechlin for copy editing. Open
Access funding enabled and organized by Projekt DEAL.

FUNDING INFORMATION
None.

CONFLICT OF INTEREST STATEMENT
Marina Otten is a co-author of the German AWMEF guide-
line on teledermatology. Patrick Reinders declares no

QSUAIT SUOWWO)) dANEAI)) d[qearjdde Yy Aq pauIdA0T dIe SO[IILE V() 9SN JO SIYNI 10§ AIRIQIT AUI[UQ AJ[IAY UO (SUONIPUOI-PUB-SULID)/ WO KA[IM" KTeIqI[ouI[uo//:sd) SUOIpuo)) pue SWd ] oy 298 “[§707/50/01] uo Areiqr suruQ LO[IA “10L0Z APL/1111°01/10p/wod Ka[imKreiqiouruo/:sdyy woij papeo[umod 0 ‘€80€89+ 1



10|

PRIORITIES IN TELEDERMATOLOGY

conflicts of interest. Matthias Augustin is a co-author of
the German AWMF guideline on teledermatology and a sci-
entific advisor for the teledermatology platform derma2go
AG and Videoclinic GmbH. Brigitte Stephan supports the
A +Videoclinic with health care service and scientific advice.

DATA AVAILABILITY STATEMENT
The data that support the findings of this study are available
from the corresponding author upon reasonable request.

ETHICAL APPROVAL

Reviewed and approved by Lokale Psychologische
Ethikkommission am Zentrum fiir Psychosoziale Medizin
(LPEK); approval #LPEK-0611.

ETHICS STATEMENT

All participants were informed about the survey and their
data privacy rights, and informed consent was obtained
prior to participation.

ORCID

Matthias Augustin © https://orcid.
org/0000-0002-4026-8728

Brigitte Stephan (© https://orcid.org/0000-0001-6127-3692
Marina Otten © https://orcid.org/0000-0003-3767-1548

REFERENCES

1. Augustin M, Eissing L, Langenbruch A, Enk A, Luger T, Maaflen D,
et al. The German National Program on psoriasis health care 2005-
2015: results and experiences. Arch Dermatol Res. 2016;308:389-400.

2. Mrowietz U, Steinz K, Gerdes S. Psoriasis: to treat or to manage? Exp
Dermatol. 2014;23:705-9.

3. Pilz AC, Zink A, Schielein MC, Hell K, Romer K, Hillmann E, et al.
Despite large choice of effective therapies: individuals with psoriasis
still seem undertreated. ] Dtsch Dermatol Ges. 2021;19:1003-11.

4. Kassenirztliche Bundesvereinigung. Gesundheitsdaten:
Behandlungsfallzahl je Arzt bleibt weitgehend konstant. 2019.
Available from: https://gesundheitsdaten.kbv.de/cms/html/17023.
php [Accessed 17 October 2022].

5. Krensel M, Augustin M, Rosenbach T, Reusch M. Waiting time
and practice organization in dermatology. ] Dtsch Dermatol Ges.
2015;13:812-4.

6. van der Kraaij GE, Vermeulen FM, Smeets PMG, Smets EMA, Spuls
PI. The current extent of and need for shared decision making in
atopic dermatitis and psoriasis in The Netherlands: an online sur-
vey study amongst patients and physicians. ] Eur Acad Dermatol
Venereol. 2020;34:2574-83.

7. Kis A, Augustin M, Augustin J. Regional healthcare delivery and de-
mographic change in Germany - scenarios for dermatological care in
2035. ] Dtsch Dermatol Ges. 2017;15:1199-209.

8. Augustin M, Wimmer J, Biedermann T, Blaga R, Dierks C, Djamei V,
etal. Praxis der teledermatologie. ] Dtsch Dermatol Ges. 2018;16(Suppl
5):6-57.

9. Chen C, Ding S, Wang J. Digital health for aging populations. Nat
Med. 2023;29:1623-30.

10. Brinker TJ, Hekler A, von Kalle C, Schadendorf D, Esser S, Berking C,
et al. Teledermatology: comparison of store-and-forward versus live
interactive video conferencing. ] Med Internet Res. 2018;20:e11871.

11. Augustin M, Stromer K, Deutsche Dermatologische Gesellschaft e.V.,
Berufsverband der Deutschen Dermatologen e.V., Osterreichische
Gesellschaft fiir Dermatologie und Venerologie. S2k-Leitlinie
Teledermatologie, 1.0. 22 Oct 2020. Available from: https://www.
awmf.org/leitlinien/detail/11/013-097.html [Accessed 25 May 2022].

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

. Parsi K, Chambers CJ, Armstrong AW. Cost-effectiveness analysis

of a patient-centered care model for management of psoriasis. ] Am
Acad Dermatol. 2012;66:563-70.

Chambers CJ, Parsi KK, Schupp C, Armstrong AW. Patient-centered
online management of psoriasis: a randomized controlled equiva-
lency trial. ] Am Acad Dermatol. 2012;66:948-53.

Ford AR, Gibbons CM, Torres J, Kornmehl HA, Singh S, Young PM,
et al. Access to dermatological care with an innovative online model
for psoriasis management: results from a randomized controlled trial.
Telemed ] E Health. 2019;25:619-27.

Armstrong AW, Ford AR, Chambers CJ, Maverakis E, Dunnick CA,
Chren M-M, et al. Online care versus in-person care for improving
quality of life in psoriasis: a randomized controlled equivalency trial.
] Invest Dermatol. 2019;139:1037-44.

Armstrong AW, Chambers CJ, Maverakis E, Cheng MY, Dunnick
CA, Chren M-M, et al. Effectiveness of online vs in-person Care for
Adults with Psoriasis: a randomized clinical trial. JAMA Netw Open.
2018;1:€183062.

Andrees V, Klein TM, Augustin M, Otten M. Live interactive teleder-
matology compared to in-person care — a systematic review. ] Eur
Acad Dermatol Venereol. 2020;34:733-45.

Mounessa JS, Chapman S, Braunberger T, Qin R, Lipoff JB, Dellavalle
RP, et al. A systematic review of satisfaction with teledermatology. J
Telemed Telecare. 2018;24:263-70.

Santiago S, Lu J. Patient satisfaction in teledermatology: an updated
review. Curr Dermatol Rep. 2023;12:23-6.

Reinders P, Augustin M, Otten M. General and dermatological popu-
lation's use and acceptance of digital health in Germany - a represen-
tative survey. ] Dtsch Dermatol Ges. 2024;22:1221-31.

Reinders P, Augustin M, Fleyder A, Otten M. Exploring acceptability,
barriers, and facilitators for digital health in dermatology: qualita-
tive focus groups with dermatologists, nurses, and patients (preprint).
JMIR Dermatol. 2024;7:57172.

Klein TM, Augustin M, Kirsten N, Otten M. Attitudes towards
using electronic health records of patients with psoriasis and der-
matologists: a cross-sectional study. BMC Med Inform Decis Mak.
2020;20:344.

Elsner P. Teledermatology in the times of COVID-19 - a systematic
review. ] Dtsch Dermatol Ges. 2020;18:841-5.

Augustin M, Reinders P, Janke TM, Strémer K, von Kiedrowski R,
Kirsten N, et al. Attitudes toward and use of eHealth technologies
among German dermatologists: repeated cross-sectional survey in
2019 and 2021. ] Med Internet Res. 2024;26:e45817.

Mangiapane S, Kretschmann J, Czihal T, von Stillfried D. Zi-
Trendreport zur vertragsiarztlichen Versorgung: Bundesweiter
tabellarischer Report vom 1. Quartal 2021 bis zum 4. Quartal.
2023;2024. Available from: https://www.zi.de/service/reports-
und-papers/zi-trendreport-uebersicht/zi-trendreport [Accessed 12
December 2024].

Miihlensiepen F, Knitza J, Krusche M, Welcker M. Telemedizin in
der Rheumatologie: Akzeptanz, Chancen Und Barrieren. Arthritis
Rheum. 2021;41:175-82.

Deutsches Arzteblatt. Techniker Krankenkasse bietet digitalen
Hautcheck an. 9 Nov 2020. Available from: https://www.aerzteblatt.
de/treffer?mode=s&wo=1041&typ=1&nid=118180&s=Onlinedoctor
[Accessed 12 December 2024].

de Bekker-Grob EW, Ryan M, Gerard K. Discrete choice experi-
ments in health economics: a review of the literature. Health Econ.
2012;21:145-72.

Snoswell CL, Smith AC, Page M, Caffery L]. Patient preferences for
specialist outpatient video consultations: a discrete choice experi-
ment. ] Telemed Telecare. 2021;29:707-15.

Snoswell CL, Whitty JA, Caffery L], Kho J, Horsham C, Loescher
LJ, et al. Consumer preference and willingness to pay for direct-to-
consumer mobile teledermoscopy services in Australia. Dermatology.
2022;238:358-67.

Bridges JFP, Hauber AB, Marshall D, Lloyd A, Prosser LA, Regier DA,
et al. Conjoint analysis applications in health—a checklist: a report

QSUAIT SUOWWO)) dANEAI)) d[qearjdde Yy Aq pauIdA0T dIe SO[IILE V() 9SN JO SIYNI 10§ AIRIQIT AUI[UQ AJ[IAY UO (SUONIPUOI-PUB-SULID)/ WO KA[IM" KTeIqI[ouI[uo//:sd) SUOIpuo)) pue SWd ] oy 298 “[§707/50/01] uo Areiqr suruQ LO[IA “10L0Z APL/1111°01/10p/wod Ka[imKreiqiouruo/:sdyy woij papeo[umod 0 ‘€80€89+ 1



REINDERS ET AL.

11

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

of the ISPOR good research practices for conjoint analysis task force.
Value Health. 2011;14:403-13.

Sain N, Willems D, Charokopou M, Hiligsmann M. The importance
of understanding patient and physician preferences for psoriasis
treatment characteristics: a systematic review of discrete-choice ex-
periments. Curr Med Res Opin. 2020;36:1257-75.

von Weinrich P, Kong Q, Liu Y. Would you zoom with your doc-
tor? A discrete choice experiment to identify patient preferences for
video and in-clinic consultations in German primary care. ] Telemed
Telecare. 2022;30:969-92.

Deutsche Forschungsgemeinschaft e.V. Guidelines for Safeguarding
Good Research Practice: Code of Conduct. 2022. Available from:
https://www.dfg.de/download/pdf/foerderung/rechtliche_rahme
nbedingungen/gute_wissenschaftliche_praxis/kodex_gwp_en.pdf
[Accessed 17 October 2022].

World Medical Association. World Medical Association declaration
of Helsinki: ethical principles for medical research involving human
subjects. JAMA. 2013;310:2191-4.

Chow A, Teo SH, Kong JW, Lee S, Heng YK, van Steensel M, et al.
Patients' experiences of telemedicine for their skin problems: qualita-
tive study. JMIR Dermatol. 2022;5:€24956.

Chudner I, Goldfracht M, Goldblatt H, Drach-Zahavy A, Karkabi K.
Video or in-clinic consultation? Selection of attributes as preparation
for a discrete choice experiment among key stakeholders. Patient.
2019;12:69-82.

Mozes I, Mossinson D, Schilder H, Dvir D, Baron-Epel O, Heymann
A. Patients' preferences for telemedicine versus in-clinic consultation
in primary care during the COVID-19 pandemic. BMC Prim Care.
2022;23:33.

Choi EC-E, Heng LW, Tan SY, Phan P, Chandran NS. Factors influ-
encing use and perceptions of teledermatology: a mixed-methods
study of 942 participants. JAAD Int. 2022;6:97-103.

Leigh S, Ashall-Payne L, Andrews T. Barriers and facilitators to the
adoption of Mobile health among health care professionals from
the United Kingdom: discrete choice experiment. JMIR Mhealth
Uhealth. 2020;8:e17704.

Abeck F, Kott J, Bertlich M, Wiesenhiitter I, Schroder F, Hansen I,
et al. Direct-to-consumer teledermatology in Germany: a retrospec-
tive analysis of 1,999 teleconsultations suggests positive impact on
patient care. Telemed ] E Health. 2023;29:1484-91.

Buchanan J, Roope LS]J, Morrell L, Pouwels KB, Robotham JV, Abel
L, et al. Preferences for medical consultations from online providers:
evidence from a discrete choice experiment in the United Kingdom.
Appl Health Econ Health Policy. 2021;19:521-35.

Savira F, Robinson S, Toll K, Spark L, Thomas E, Nesbitt J, et al.
Consumer preferences for telehealth in Australia: a discrete choice
experiment. PLoS One. 2023;18:¢0283821.

Zander N, van den Berg N, Augustin J. Einflussfaktoren auf die dis-
tanzbezogene Arztwahl am Beispiel von Patienten mit Psoriasis und
chronischen Wunden. Gesundheitswesen. 2019;81:¢192-e198.
Beerheide R, Haseriick A, Lau T. Digitalisierung: E-Rezept ab 2024
verpflichtend. Dtsch Arztebl. 2023;120:A-1978ff. A-1978/B-1682.
Available from: https://www.aerzteblatt.de/archiv/235390/Digitalisi
erung-E-Rezept-ab-2024-verpflichtend [Accessed 27 September
2024].

Hauber AB, Gonzélez JM, Groothuis-Oudshoorn CGM, Prior T,
Marshall DA, Cunningham C, et al. Statistical methods for the
analysis of discrete choice experiments: a report of the ISPOR
conjoint analysis good research practices task force. Value Health.
2016;19:300-15.

Traets F, Sanchez DG, Vandebroek M. Generating optimal designs
for discrete choice experiments in R: the idefix package. J Stat Softw.
2020;96,1-41. https://doi.org/10.18637/ss.v096.i03

Der Kirchberger I. SF-36-Fragebogen zum Gesundheitszustand:
Anwendung, Auswertung und Interpretation. In: Bullinger M, von
Steinbiichel N, editors. Lebensqualitidt und Gesundheitsokonomie in
der Medizin: Konzepte, Methoden, Anwendung Gebundene Ausgabe.
Landsberg:Bullinger et al; 2000. p. 73-85.

49.

50.

51

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Yu N, Peng C, Zhou ], Gu J, Xu J, Li X, et al. Measurement properties
of the patient global assessment numerical rating scale in moderate-
to-severe psoriasis. Br ] Dermatol. 2023;189:437-46.

Neyer FJ, Felber J, Gebhardt C. Kurzskala Technikbereitschaft (TB,
technology commitment). 2016. Available from: https://zis.gesis.org/
skala/Neyer-Felber-Gebhardt-Kurzskala-Technikbereitschaft-(TB,-
technology-commitment) [Accessed 12 December 2024].

Princi E, Kramer NC. Out of control - privacy calculus and the ef-
fect of perceived control and moral considerations on the usage of IoT
healthcare devices. Front Psychol. 2020;11:582054.

Drennan J. Cognitive interviewing: verbal data in the design and pre-
testing of questionnaires. ] Adv Nurs. 2003;42:57-63.

Orme BK. Sample size issues for conjoint analysis studies. Getting
started with conjoint analysis: strategies for product design and pric-
ing research. 4th ed. Research Publishers LLC, California:Manhattan
Beach; 2020. p. 57-66.

Johnson R, Orme BK. Getting the Most from CBC. 2003. Available
from: https://sawtoothsoftware.com/resources/technical-papers/
getting-the-most-from-cbc [Accessed 12 December 2024].

Therneau T. A package for survival analysis in R: R package version
3.6-4. 2024. Available from: https://CRAN.R-project.org/package=
survival [Accessed 26 April 2024].

Therneau TM, Grambsch PM. Modeling survival data: extending the
cox model (statistics for biology and health), Ann Arbor. 2000.
Turner D, Tarrant C, Windridge K, Bryan S, Boulton M, Freeman
G, et al. Do patients value continuity of care in general practice? An
investigation using stated preference discrete choice experiments. J
Health Serv Res Policy. 2007;12:132-7.

Chudner I, Drach-Zahavy A, Karkabi K. Choosing video instead of
in-clinic consultations in primary Care in Israel: discrete choice ex-
periment among key stakeholders-patients, primary care physicians,
and policy makers. Value Health. 2019;22:1187-96.

Pedersen LB, Kjer T, Kragstrup J, Gyrd-Hansen D. Do general practi-
tioners know patients' preferences? An empirical study on the agency
relationship at an aggregate level using a discrete choice experiment.
Value Health. 2012;15:514-23.

Gisondi P, Bellinato F, Piaserico S, Di Leo S, Cazzaniga S, Naldi L.
Preference for telemedicine versus in-person visit among patients
with psoriasis receiving biological drugs. Dermatol Ther (Heidelb).
2021;11:1333-43.

McGrail MR, Humphreys JS, Ward B. Accessing doctors at times of
need-measuring the distance tolerance of rural residents for health-
related travel. BMC Health Serv Res. 2015;15:212.

Mohr N, Langenbruch A, Augustin ], Kirsten N, Augustin M,
Andrees V. Psoriasis care in Germany: do patients who receive better
care travel longer? Res Health Serv Reg. 2022;1:8.

Brabers AEM, Rademakers JJDJM, Groenewegen PP, van Dijk L, de
Jong JD. What role does health literacy play in patients' involvement
in medical decision-making? PLoS One. 2017;12:e0173316.

Morrison T, Johnson J, Baghoomian W, Hamilton A, Simpson E,
Greiling T, et al. Shared decision-making in dermatology: a scoping
review. JAMA Dermatol. 2021;157:330-7.

OECD. Part-time employment rate (indicator). 2024. Available
from:  https://data.oecd.org/emp/part-time-employment-rate.htm
[Accessed 25 April 2024].

Demeke HB, Merali S, Marks S, Pao LZ, Romero L, Sandhu P,
et al. Trends in use of telehealth among health centers during the
COVID-19 pandemic - United States, June 26-November 6, 2020.
MMWR Morb Mortal Wkly Rep. 2021;70:240-4.

Barnett ML, Ray KN, Souza J, Mehrotra A. Trends in telemedicine
use in a large commercially insured population, 2005-2017. JAMA.
2018;320:2147-9.

Elena-Bucea A, Cruz-Jesus F, Oliveira T, Coelho PS. Assessing the
role of age, education, gender and income on the digital divide: ev-
idence for the European Union. Inf Syst Front. 2021;23:1007-21.
Crawford A, Serhal E. Digital health equity and COVID-19: the in-
novation curve cannot reinforce the social gradient of health. ] Med
Internet Res. 2020;22:€19361.

QSUAIT SUOWWO)) dANEAI)) d[qearjdde Yy Aq pauIdA0T dIe SO[IILE V() 9SN JO SIYNI 10§ AIRIQIT AUI[UQ AJ[IAY UO (SUONIPUOI-PUB-SULID)/ WO KA[IM" KTeIqI[ouI[uo//:sd) SUOIpuo)) pue SWd ] oy 298 “[§707/50/01] uo Areiqr suruQ LO[IA “10L0Z APL/1111°01/10p/wod Ka[imKreiqiouruo/:sdyy woij papeo[umod 0 ‘€80€89+ 1



12

PRIORITIES IN TELEDERMATOLOGY

70.

71.

72.

73.

74.

75.

76.

Jung FU, Bodendieck E, Bleckwenn M, Hussenoeder FS, Luppa M,
Riedel-Heller SG. Burnout, work engagement and work hours — how
physicians' decision to work less is associated with work-related fac-
tors. BMC Health Serv Res. 2023;23:157.

Kassendrztliche Bundesvereinigung. Entwicklungen der
Medizinischen Versorgungszentren. Statistische Informationen zum
Stichtag 31.12.2023. 2024. Available from: https://www.kbv.de/media/
sp/mvz_entwicklungen.pdf [Accessed 13 December 2024].
Sondermann W, von Kalle C, Utikal JS, Schadendorf D, Esser S,
Durani B, et al. Externe wissenschaftliche evaluation der ersten
teledermatologie-App ohne direkten Patientenkontaktin Deutschland
(“Online Hautarzt - AppDoc”). Hautarzt. 2020;71:887-97.

Phillips EA, Himmler SF, Schrey6gg J. Preferences for e-mental
health interventions in Germany: a discrete choice experiment. Value
Health. 2021;24:421-30.

Dovigi E, Kwok EYL, English JC. A framework-driven systematic re-
view of the barriers and facilitators to teledermatology implementa-
tion. Curr Dermatol Rep. 2020;9:353-61.

Langenbruch AK, Radtke MA, Augustin M. Quality of psoriasis care
from the patients' perspective—results of the national health care
study PsoReal. Eur ] Dermatol. 2012;22:518-24.

Langenbruch A, Radtke MA, Foos Z, Augustin M. Benefits of a mem-
bership in a psoriasis patient organisation: a quasi-experimental lon-
gitudinal study. Arch Dermatol Res. 2018;310:807-13.

77. Langenbruch A, Mohr N, Kirsten N, Reich K, von Kiedrowski R,

78.

Stromer K, et al. Quality of psoriasis care in Germany - results from
the nationwide health care studies PsoHealth 2004-2017. ] Eur Acad
Dermatol Venereol. 2021;35:1536-42.

Jungen D, Augustin M, Langenbruch A, Zander N, Reich K, Stromer
K, et al. Cost-of-illness of psoriasis — results of a German cross-
sectional study. ] Eur Acad Dermatol Venereol. 2018;32:174-80.

SUPPORTING INFORMATION
Additional supporting information can be found online in
the Supporting Information section at the end of this article.

How to cite this article: Reinders P, Augustin M,
Stephan B, Otten M. Understanding patient priorities
in teledermatology for psoriasis: A discrete choice
experiment. ] Eur Acad Dermatol Venereol.

2025;00:1-12. https://doi.org/10.1111/jdv.20701

QSUAIT SUOWWO)) dANEAI)) d[qearjdde Yy Aq pauIdA0T dIe SO[IILE V() 9SN JO SIYNI 10§ AIRIQIT AUI[UQ AJ[IAY UO (SUONIPUOI-PUB-SULID)/ WO KA[IM" KTeIqI[ouI[uo//:sd) SUOIpuo)) pue SWd ] oy 298 “[§707/50/01] uo Areiqr suruQ LO[IA “10L0Z APL/1111°01/10p/wod Ka[imKreiqiouruo/:sdyy woij papeo[umod 0 ‘€80€89+ 1



3. Zusammenfassung

3.1. Zusammenfassung Deutsch

Die dermatologische Versorgung in Deutschland steht aufgrund des demografischen Wandels
vor erheblichen Herausforderungen. Ein Fachkraftemangel bei gleichzeitiger steigender
Krankheitslast erfordert innovative Losungen. Die Digitalisierung und der Einsatz von Digital
Health-Anwendungen (DHAs) bieten Potenzial, um negative Effekte abzumildern. DHAs
kénnen die Patientenzentrierung durch personalisierte Gesundheitsdaten (Health in Our
Hands), den Zugang zu Gesundheitsleistungen durch digitale Kommunikation (/nteracting for
Health) sowie die Diagnostik und Therapieentscheidungen durch Datenverarbeitung (Data
Enabling Health) unterstitzen. Neben diesen Vorteilen bestehen jedoch Herausforderungen:
Der sogenannte Digital Divide fuhrt zu ungleichen Nutzungsmdglichkeiten in abhangigkeit von
sozialen Faktoren (z. B. Alter, Bildung, Einkommen) und fehlende Evidenz und Validierung
bergen Risiken wie die weiterleitung von Fehlinformationen an Patienten und
Leistungserbringer. Des Weiteren sind die Themen Datenschutz und -sicherheit von zentraler
Bedeutung. Trotz zahlreicher gesetzlicher Initiativen, etwa zur elektronischen Patientenakte,
ist die Digitalisierung im deutschen Gesundheitswesen bislang unzureichend umgesetzt. Fir
die Dermatologie fehlen zudem belastbare Daten zur Nutzung, Akzeptanz und Verfiigbarkeit
von DHAs. Diese Dissertation untersucht daher den Status quo der Digitalisierung in der

Dermatologie. Dies umfasst:
1. Eine systematische Ubersicht der Evidenz zu DHAs,
2. Die systematische Untersuchung von Barrieren und férdernden Faktoren,
3. Die Ermittlung der Akzeptanz von Dermatologen und Patienten gegeniber DHAs,
4. Die Verbreitung von DHAs bei Patienten und Dermatologen sowie
5. Die Praferenzen von Patienten hinsichtlich der Teledermatologie.

Die Methodik umfasste unterschiedliche Erhebungsmethoden: systematisches Review,
Fokusgruppen, querschnittserhebende Umfragen sowie ein Discrete-Choice-Experiment. Die
Umfragen wurden zudem mit den statistischen Methoden der Clusteranalyse, der

Faktorenanalyse und Regressionsanalyse ausgewertet.

Die systematische Ubersichtsarbeit hat aufgezeigt, dass obwohl zahlreiche Studien zu DHAs
existieren, sich diese vor allem auf die Teledermatologie (205 von 404 Publikationen), Kl-

Anwendungen zur Diagnosestellung (65 von 404 Publikationen) und DHAs fir
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Gesundheitsberufe (262 von 404 Publikationen) konzentrieren. Die Fokusgruppen
identifizierten verschiedene Herausforderungen, darunter die Sorge von Dermatologen vor
einer Informationsflut ohne Mehrwert fiir Patienten. Einigkeit bestand bei allen drei Gruppen
(Patienten, Dermatologen, Pflegekrafte) dariiber, dass altere Patienten Schwierigkeiten bei
der Nutzung von DHAs haben kénnten. Die Clusteranalysen zeigten, dass sowohl Patienten
als auch Dermatologen heterogene Einstellungen gegeniiber DHAs aufweisen. Wahrend
grof3e Cluster in beiden Gruppen (Dermatologen: Adopters; Patienten: Digital Enthusiasts) die
Vorteile von DHAs anerkennen und deren Nutzung positiv gegenlberstehen, wurden ebenso
ablehnende Gruppen identifiziert (Dermatologen: Rejectors; Patienten: Digital Sceptics). Die
weiteren Umfragen konnten aufzeigen, dass DHAs bislang im geringen Umfang genutzt
wurden, so verwendeten im Jahr 2023 lediglich 4 % der Allgemeinbevdlkerung mit einer
Hauterkrankung eine teledermatologische Anwendung. Akzeptanz gegenuber und die
Nutzung von DHAs hangen signifikant von soziodemografischen Faktoren (Alter, Geschlecht,
Bildung), Datenschutzbedenken und dem Schweregrad der Erkrankung ab. Auch unter
Dermatologen zeigte sich eine héhere Aufgeschlossenheit gegeniber DHAs bei jungeren
sowie in Stadten praktizierenden Facharzten. Das DCE zeigte auf, dass Patienten zwar die
Vor-Ort-Behandlung gegentber der Teledermatologie bevorzugen, jedoch steigte die
Praferenz, wenn der behandelnde Arzt bekannt ist, Rickfragen mdglich sind, individuelle
Bedurfnisse bertcksichtigt werden und eine schnelle Riickmeldung — insbesondere in akuten

Fallen — gewahrleistet wird.

Die Dissertation zeigt, dass der aktuelle Stand der digitalen Dermatologie als unzureichend
einzustufen ist, mit einer geringen Nutzung sowohl durch Patienten als auch Dermatologen.
Dennoch gibt es positive Entwicklungstendenzen: Eine hohe Anzahl an Patienten und
Dermatologen wirde DHAs im Behandlungsverlauf akzeptieren, und ein bedeutender Anteil
von Patienten hat eine Praferenz fir den Einsatz der Teledermatologie als Alternative zur Vor-
Ort-Behandlung. Gleichzeitig wurden jedoch zahlreiche Barrieren und Risiken identifiziert.
Dazu zahlen die unzureichende Evaluierung von DHAs, fehlende digitale
(Gesundheits-)Kompetenzen — insbesondere auf Patientenseite —, der bereits beschriebene
Digital Divide, fehlende finanzielle Anreize fiir Dermatologen sowie Herausforderungen bei der
Umsetzung des Datenschutzes. Letzteres flihrt einerseits zu erhéhten Anforderungen an IT
und Praxisablaufe mit hohen Kosten flir niedergelassene Dermatologen, andererseits zu

Unsicherheiten bei Patienten hinsichtlich des Schutzes ihrer Daten.

Fir eine erfolgreiche Digitalisierung in der Dermatologie missen Nutzerpraferenzen friihzeitig
in die Entwicklung einflielen, um einen Mehrwert flr alle Beteiligten sicherzustellen. Der
Datenschutz und -sicherheit missen sichergestellt werden und sollten gleichzeitig einen

minimalen negativen Einfluss auf die Bedienfreundlichkeit von Anwendungen haben. Zudem
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sind eine Evaluierung von DHAs sowie die gezielte Forderung digitaler

(Gesundheits-)Kompetenzen bei Dermatologen und Patienten essenziell.

3.2. Summary Englisch

Dermatological care faces significant challenges in Germany due to the demographic change.
A regional shortage of specialists, combined with an increasing burden of disease, calls for
innovative solutions. Digitalization and the use of Digital Health Applications (DHAs) offer
potential to mitigate negative effects. DHAs can enhance patient-centered care through
personalized health data (“Health in Our Hands”), improve access to healthcare services
through digital communication (“Interacting for Health”), and support diagnostics and treatment

decisions through data processing (“Data Enabling Health”).

However, several challenges remain: the “Digital Divide” leads to unequal usage opportunities
depending on social factors (e.g., age, education, income), lack of evidence and validation
poses risks such as misinformation, and data protection and security continue to be critical
issues. Despite numerous legislative initiatives, such as the introduction of the electronic
patient record, digitalization in the German healthcare system remains insufficient.
Furthermore, there is a lack of reliable data regarding the use, acceptance, and availability of

DHAs in dermatology.

This dissertation examines the status quo of digitalization in dermatology. The key objectives

include:
1. A systematic review of DHAs,
2. The investigation of barriers and enabling factors,
3. The assessment of acceptance of DHAs among dermatologists and patients,
4. The prevalence of DHA use among patients and dermatologists, and
5. Patient preferences regarding teledermatology.

The methodology included a systematic review, focus groups, cluster analyses, cross-

sectional surveys, and a discrete-choice experiment.

Although numerous studies on DHAs exist, many focus on teledermatology (205 out of 404
publications), Al-based diagnostic applications (65 out of 404 publications), and DHAs for
healthcare professionals (262 out of 404 publications). The focus groups identified various

challenges, including concerns among dermatologists about an information overload without
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significant added value for patients. There was consensus among all three groups (patients,
dermatologists, and healthcare professionals) that older patients may face difficulties using
DHAs.

Cluster analyses revealed that both patients and dermatologists exhibit heterogeneous
attitudes towards DHAs. While large clusters in both groups (dermatologists: Adopters;
patients: Digital Enthusiasts) recognize the benefits of DHAs and are open to their use,

opposing clusters were also identified (dermatologists: Rejectors; patients: Digital Sceptics).

The adoption of DHAs remains low. In 2023, only 4% of the general population with a skin
condition used a teledermatology application. Acceptance and usage are significantly
influenced by sociodemographic factors (age, gender, education), data protection concerns,
and disease severity. Among dermatologists, younger professionals and those practicing in

urban areas demonstrated greater openness towards DHAs.

While patients generally prefer in-person treatment over teledermatology, acceptance
increases when the treating physician is known, opportunities for follow-up questions are
available, individual needs are considered, and rapid response times—especially in acute

cases—are ensured.

The dissertation concludes that the current state of digital dermatology remains insufficient,
with low adoption rates among both patients and dermatologists. However, there are positive
trends: a significant proportion of both groups would accept the usage of DHAs, and patients

show a growing preference for teledermatology as an alternative to in-person treatment.

At the same time, several barriers and risks have been identified. These include the lack of
evaluation of DHAs, insufficient digital (health) literacy—especially among patients—the
previously mentioned Digital Divide, a lack of financial incentives for dermatologists, and
challenges in implementing data protection measures. The latter leads to increased IT and
practice workflow requirements, resulting in high costs for private dermatology practices, while

also causing uncertainty among patients regarding data security.

For the successful digitalization of dermatology, user preferences must be considered early in
the development process to ensure added value for all stakeholders. Data protection and
security must be guaranteed while minimizing their impact on the ease of use of digital
applications. Additionally, thorough evaluation of DHAs and the targeted promotion of digital

(health) literacy among dermatologists and patients are essential.
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