
Integration of a medication reminder app into the
RABBIT-SpA disease registry to record patient data on
daily drug usage

Integration einer Medikamenten-Erinnerungs-App in das
Krankheitsregister RABBIT-SpA zur Erfassung von Patientenangaben
über die tägliche Medikation

Abstract
Background: The main goals of the disease registry RABBIT-SpA for
axial spondyloarthritis (axSpA) and psoriatic arthritis (PsA) are to analyse

Anne C. Regierer1

Andreas Reich1

the long-term effectiveness and safety of the antirheumatic drugs used
Anja Weiß1

for these chronic conditions. While the registry focuses on documenting
Martin Feuchtenberger2antirheumatic drugs, the recording of co-medication has been inad-

equate, despite growing awareness of the importance of comorbidities
in the outcomes of rheumatic and musculoskeletal diseases.

Silke Zinke3

Hanns-Martin Lorenz4Research question and objective: The primary objective is the data
protection-compliant integration of a medication reminder app into the Uta Syrbe5

registry’s existing online documentation system, providing a technically Peter Böhm6

simple solution for participating rheumatologists. Secondary objectives
Julius Wiegand7

include the direct documentation of medication by patients using the
Anja Strangfeld1,8integrated app and the more frequent capture of patient-reported out-

come (PRO) parameters. Themain research question of this preliminary Denis Poddubnyy9
analysis is the concordance between the anti-rheumatic medication

Xenofon Baraliakos10
documented by the patient via the app and by the rheumatologist via
the registry.
Methods: RABBIT-SpA is a disease registry for axSpA and PsA. A study
version of the MyTherapy app was developed by expanding the generic
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app, which primarily records medication and provides medication re- Berlin), Epidemiology and
Health Services Research,
Berlin, Germany

minders, to include questions from the RABBIT-SpA patient questionnaire
(covering pain, health status, global disease activity, sleep disorders,
and skin involvement). Patients use their own Android or iOS smart-
phones and provide informed consent for participation.

2 Department of Internal
Medicine II, InnKlinikum,
Burghausen, GermanyResults: The integration process was successfully implemented. Person-

alizedQR codeswere generated from the registry documentation system, 3 Rheumatologische
Schwerpunktpraxis Dr.med.
Silke Zinke, Berlin, Germany

enabling patients to download the study version of the MyTherapy app
and link their data using a second pseudonym. As of now, 367 patients
have been invited to participate, with 139 consenting and 76 success-

4 Department of Internal
Medicine V, Heidelbergfully using the app. App users are generally younger and more often

male compared to the overall registry cohorts. On average, 4.7 medica- University Hospital,
Heidelberg, Germanytions were recorded per patient (range 1–42), with a high concordance

(94%) between the medications documented in the app and those in
5 Rheumatologische

Schwerpunktpraxis Rheuma
the registry. The proportion of patients with polypharmacy (defined as
the simultaneous documentation of five or more medications) is 25%. Praxis Berlin, Berlin,

GermanyDiscussion: The integration of the medication reminder app into the
RABBIT-SpA registry was successfully achieved in a data protection-

6 Deutsche Rheuma-Liga
Bundesverband, Berlin,
Germany

compliant manner. The antirheumatic drugs documented in the app
were concordant to the registry data. The integration of an app to an
ongoing disease registry offers the possibility of supplementing data
from the registry with patient generated data. 7 Rheuma-Liga Baden-

Württemberg e.V.,
Heidelberg, GermanyKeywords: disease registry, spondyloarthritis, medical smartphone app,

data linkage, patient-reported outcomes
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Zusammenfassung
Hintergrund: Die Hauptziele des Krankheitsregisters RABBIT-SpA sind
die Untersuchung der Langzeitwirksamkeit und -sicherheit der medika-

8 Charité –
Universitätsmedizin Berlin,
Berlin, Germany

9 Charité –
Universitätsmedizin Berlin,mentösen Therapien der beiden chronischen Erkrankungen axiale Spon-
Department ofdyloarthritis (axSpA; Morbus Bechterew) und Psoriasis-Arthritis (PsA).
Gastroenterology,In RABBIT-SpA liegt dementsprechend ein Fokus auf der Erfassung der
Infectiology andantirheumatischen Arzneimittelbehandlung, die Komedikation wird
Rheumatology, Berlin,
Germany

dagegen bisher nicht ausreichend erfasst, obwohl das Bewusstsein für
die Bedeutung von Komorbiditäten auf den Ausgang von rheumatischen
und muskuloskelettalen Erkrankungen zunimmt. 10 Rheumazentrum

Ruhrgebiet, Marien HospitalFragestellung und Zielsetzung: Primäres Ziel ist die datenschutzkonfor-
me Anbindung einer App an die bestehende online-Dokumentationssoft- Herne – University Hospital

Ruhr University Bochum,
Herne, Germanyware des Registers und eine für die teilnehmenden Einrichtungen ein-

fach umsetzbare technische Lösung. Sekundäre Ziele sind die Erfassung
der Medikation sowie eine höher-frequente Erfassung von einigen Pati-
enten-berichteten Parametern über einemedizinische Smartphone-App.
Die Hauptforschungsfrage dieser präliminären Analyse ist die Überein-
stimmung zwischen der vom Patienten über die App und vom Rheuma-
tologen über das Register dokumentierten antirheumatischen Medika-
tion.
Methoden: RABBIT-SpA ist ein Krankheitsregister für axSpA und PsA.
Es wurde eine Studienversion der App MyTherapy entwickelt. Hierzu
wurde die generische App, deren Hauptfunktion die Erfassung der Me-
dikation sowie die Erinnerung an die Einnahme ist, um Fragen des
RABBIT-SpA-Patientenfragebogens (Schmerz, Gesundheitszustand,
globale Krankheitsaktivität, Schlafstörungen, Haut) erweitert.
Ergebnisse:Der Prozess der Anbindung an die Register-Dokumentations-
software konnte realisiert werden. Aus der Register-Dokumentations-
software wird ein personalisiertes Merkblatt erstellt, mit dem die Studi-
enversion der „MyTherapy“-Appmithilfe einesQR-Codes heruntergeladen
werden kann. In demQR-Code ist zudemdas zweite Pseudonym enthal-
ten, über das das Datenlinkage erfolgt. Die Patienten-berichteten Para-
meter werden den Patient:innenwöchentlich über die App zur Verfügung
gestellt. 139 Patient:innen haben bisher eingewilligt, von 76 Patient:in-
nen sind Daten aus der App vorhanden. Der Vergleich der App-Nutzer
zu der restlichen Registerkohorte zeigt, dass die App-Nutzer sowohl bei
den axSpA- als auch bei den PsA-Patient:innen etwas jünger sind und
dass der Anteil der Männer in den beiden Krankheitsgruppen bei den
App-Nutzern etwas höher ist. Im Mittel wurden 4,7 Medikamente in der
App (zwischen 1–42) erfasst. Exemplarisch wurden für die antirheuma-
tischen Medikamente die Substanzen aus der App mit denen aus dem
Register verglichen. Es konnte eine sehr hohe Übereinstimmung (94%)
gesehen werden. Der Anteil von Patient:innen mit einer Polypharmazie
(gleichzeitige Dokumentation von ≥5 Medikamenten) beträgt 25%.
Diskussion: Die Integration der App in das bestehende Register konnte
erfolgreich umgesetzt werden. Die in der App dokumentierten Anti-
rheumatika stimmten mit den Daten des Registers überein. Die Anbin-
dung an ein laufendes Krankheitsregister bietet die Möglichkeit, Daten
aus dem Register durch die in der App-generierten Daten zu komplet-
tieren.

Schlüsselwörter: Krankheitsregister, Spondyloarthritis, medizinische
Smartphone App, Datenlinkage
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Introduction
The main objectives of the RABBIT-SpA disease registry,
initiated by the German Rheumatism Research Center
Berlin (DRFZ) in 2017, are to investigate the long-term
effectiveness and safety of drug therapies for axial spon-
dyloarthritis (axSpA; ankylosing spondylitis) and psoriatic
arthritis (PsA) [1]. Both diseases cause significant pain
and functional limitations, impacting patients’ quality of
life. Since the early 2000s, various innovative drugs,
mainly biologic disease-modifying anti-rheumatic drugs
(bDMARDs) or targeted synthetic DMARDs (tsDMARDs),
have been approved in Germany, revolutionizing therapy
and positively altering disease progression. The primary
representatives of these b/tsDMARDs are cytokine inhib-
itors, such as tumor necrosis factor alpha inhibitors (TNFi),
interleukin (IL) inhibitors (IL-17i and IL12/23-i), and Janus
kinase inhibitors (JAKi). Despite their efficacy in clinical
trials, these DMARDs are only effective in approximately
60–70% of patients, with secondary effectiveness fail-
ures. Increased infection risk is themost relevant adverse
event in these immunomodulating substances [2], [3].
AxSpA and PsA are associated with other chronic dis-
eases, particularly metabolic syndrome in PsA, which sig-
nificantly increases cardiovascular risk and mortality [4].
The interactions between the disease activity of chronic
inflammatory conditions and comorbidities like coronary
heart disease (CHD) are not fully understood. However,
it is known that prolonged high disease activity increases
cardiovascular mortality [5], [6]. A lack of therapy for co-
morbid conditions increased mortality even more as
shown in an analysis of the German Biologics Registry
for Rheumatoid Arthritis (RABBIT Registry) [6]. In contrast
to the comprehensive documentation of the anti-rheumat-
ic treatment, the treatment of comorbidities is incom-
pletely recorded in the RABBIT-SpA registry, as the focus
lies on the treatment of the underlying chronic inflamma-
tory disease. This is partly due to the fact that the rheu-
matologist might not always have all relevant information
from the specialist disciplines for multimorbid patients.
Due to demographic changes, the proportion of people
with multiple chronic diseases is increasing in Germany
and many other countries [7]. Multiple chronic diseases
can lead to polypharmacy. The definition of polypharmacy
is not standardized, often the daily intake of 5 or more
medications is used as a definition [8]. Polypharmacy can
lead to adverse drug reactions and drug interactions. In
Germany, 25% of people across all age groups are af-
fected by polypharmacy, and this proportion rises to 44%
in those aged 65 years and older [9]. Despite the increas-
ing focus on the influence of comorbidities andmultimor-
bidity in rheumatic diseases, there is limited data on the
frequency of polypharmacy in these patients [10].
People with multiple chronic conditions leading to poly-
pharmacymight experience difficulties in adhering to the
daily medication. Medication reminder apps have been
developed to assist patients with their daily medication
regimen and might be especially helpful for people with

multiple daily medications. There are a number of generic
freely available apps that are widely used. TheMyTherapy
app allows for user-friendly medication entry, either by
scanning the barcode or selecting the medication from
a list. Its reminder function is designed to increase med-
ication adherence [11].
Patient-reported outcomes (PROs) are well-established
in rheumatology and are part of standard care. According
to clinical guidelines, PROs are used for shared treatment
decision making in addition to results from clinical exam-
inations (especially joint function) and laboratory param-
eters [12], [13]. Traditionally, PROs are collected via paper
or tablet questionnaires during visits to the rheumatolo-
gist, but smartphone or desktop-based apps are increas-
ingly utilized. There are various approaches to using in-
novative digital tools to improve care. However, it remains
uncertain whether recording data via an app, which can
be donemore frequently, offers an advantage for patients
and rheumatologists.
Medical smartphone apps, as well as data from sensors
or trackers, offer the potential to generate valuable pa-
tient-reported information. Integrating this patient data
into well-monitored longitudinal registry data [14] might
enhance completeness of information and enable new
analyses. Therefore, in this BMBF-funded project, a medi-
cation reminder app was modified for the RABBIT-SpA
registry, and a data protection-compliant linkage process
was established. The aim is to collect medication details
directly from patients using the mobile app. Besides a
description of the integration of the app into the registry
the main research question of this analysis is the concor-
dance between the anti-rheumatic medication docu-
mented by the patient via the app and by the rheumatol-
ogist via the registry documentation.

Methods
RABBIT-SpA is a disease registry with the study design of
a longitudinal epidemiological observational cohort study.
Adult patients with confirmed diagnoses of axSpA or PsA
starting a new drug treatment can be included. Patients
are observed over 10 years. Both physician and patient
questionnaires are administered at regular intervals via
a browser-based documentation system. Questionnaires
are completed at inclusion, after 3 months, after
6 months, and every 6 months thereafter. Various pro-
cesses automatically check for plausibility and complete-
ness [14].
Established instruments are used in the RABBIT-SpA pa-
tient questionnaires to capture the various aspects of
these complex diseases. Besides the disease-specific
tools commonly employed in rheumatology to measure
disease activity, function, and quality of life, the question-
naires also inquire about the patient’s occupational situ-
ation and ability to work.
Patients can participate in the project using their own
Android or iOS smartphones. They are informed about
the project and in addition to consenting to RABBIT-SpA,
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Figure 1: Excerpt from the patient questionnaire from RABBIT-SpA. The five questions are assessing state of health, disease
activity, pain, skin involvement, and sleep disorders using a numerical rating scale [0–10].

they sign an informed consent for the additional app
project.
The generic and freely available MyTherapy app by
smartpatient was selected for the project. In a participa-
tory approach, together with research partners from the
German Rheumatism League, specific questions from
the RABBIT-SpA patient questionnaire were selected. In
two workshops and in biweekly video-calls, the patient
questionnaire from RABBIT-SpA was analysed. A list was
developed identifying themost relevant disease domains
captured by the PRO instruments. Then, the instruments
were evaluated for the feasibility to include them into the
app. The instruments were selected based on mutual
agreement between the research partners. They focus on
health status, disease activity, pain, sleep disorders, and,
for PsA, skin involvement (Figure 1, all using a numerical
rating scale [0–10]). Patients receive weekly push notifi-
cations to answer these questions, which can also be
completed proactively at any time.
To enhance user-friendliness, study-specific information
texts were added to the app, covering topics like DRFZ
disease registers, patient organizations, and the research
project’s objectives [15], [16]. The app also includes a
motivational feature called “photo of the day”, displayed
once all medication reminders are processed for the day.
For this preliminary analysis, medications documented
in the app from Anatomical Therapeutic Chemical (ATC)
groups L (antineoplastic and immunomodulatory sub-
stances) andM (musculoskeletal system) were systemat-
ically compared with the registry data.
The ethics committee of Charité Universitätsmedizin
Berlin granted ethics approval for the app’s integration
into the registry on June 24, 2021 (EA1/246/16).

Results

Description of the process

All RABBIT-SpA registry patients can participate in the
app project. After providing informed consent, a person-
alized QR code is generated from the registry’s documen-
tation system. This QR code contains a project pseudonym
that can be linked to the registry pseudonym in the docu-
mentation system. The QR code also contains the link to
download the app (Android and iOS) and the specific
modification of the app, which is configured differently
for axSpA and PsA.
By scanning the personalized QR code, patients are di-
rected to the study version of the app in the correspond-
ing app store. After agreeing to the terms of use and pri-
vacy policy, the project pseudonym is automatically saved
in the app and patients can use the app immediately.
Study centers encourage patients to scan the QR code
immediately to ensure the app is ready for use.
Data flow is illustrated in Figure 2. The RABBIT-SpA docu-
mentation system tracks patients’ consent or refusal to
participate in the app project. A list of project pseudonyms
of consenting patients can be exported from the registry
documentation system.
App data is stored on smartpatient’s protected server.
The study participants’ data is downloaded from the DRFZ
once a week as part of a protected data export and stored
on a protected DRFZ server. The registry data and the
app data can be linked via the registry and project pseu-
donym and an analysis data set can be created.
An example of the linked data of a patient is shown
graphically in Figure 3.
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Figure 2: Pictogram of the data flow

Figure 3: Example of the linked data of one patient. The red dots show the state of health (NRS 0-10) recorded by the patient
directly in the app. The blue dots show the state of health (NRS 0-10) recorded by the patient in the registry documentation
system at fixed time intervals. The blue and green arrow symbolize the planned registry visit time intervals at which patient

and physicians document into the registry documentation system.
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Table 1: Characteristics of the app users compared to the other RABBIT-SpA patients (registry data set)

Preliminary data analysis

As of now, 367 RABBIT-SpA patients have been invited
to participate in the app project, with 139 consenting and
receiving a QR code, and 76 successfully installing and
using the app. Table 1 compares the characteristics of
app users to the overall registry cohort, highlighting known
differences between axSpA and PsA patients. For ex-
ample, axSpA patients are younger and more often men
compared to PsA patients. App users tend to be younger
and more often male in both axSpA and PsA patients
(Table 1).
The proportion of PsA patients with ≥3 comorbidities is
lower in the app users than in the overall PsA cohort. The
patient-reported parameters from the registry data set
at inclusion into the registry, in particular pain and global
disease activity, are very similar between the app users
and the overall cohort for both diseases.
App users actively used the app for an average of 97 days,
with 74% continuing use after one month and 53% after
three months.
Medication data from the app is detailed in Table 2 and
Table 3. Most frequently recorded medications belong to
ATC groups L, which includes immunomodulatory drugs,
and M which includes non-steroidal anti-inflammatory
drugs (NSAIDs).

In order to analyze the concordance between the anti-
rheumatic medication documented by the patient via the
app and by the rheumatologist via the registry drugs from
ATC groups L and M were systematically compared with
the treatments recorded on the physician’s questionnaire
from the registry at the appropriate time point. There was
high concordance between app and registry documenta-
tion. Of 54 patients, 69 DMARDs were documented in
the app. 65 (94%) of these substances were also docu-
mented in the registry questionnaire. 22 different sub-
stances from ATC group M were documented in the app
by 21 patients. Of these, 20 (91%) were also documented
in the registry questionnaire.
On average, 4.7 (range 1–42)medications were recorded
per patient in the app, with axSpA patients averaging
3.6 medications and PsA patients 5.1 medications. The
proportion of patients with polypharmacy (defined as the
simultaneous documentation of five ormoremedications)
is 25%. Patients with polypharmacy (n=13) had an aver-
age of 2.6 comorbidities, while those without polyphar-
macy (n=40) had an average of 1.3 comorbidities. Addi-
tionally, PROs were significantly worse in the polyphar-
macy group, with an average pain score of 6.5 compared
to 5.1 in those without polypharmacy. Notably, 6 out of
13 polypharmacy patients received systemic glucocorti-
coids, compared to just 3 out of 40 in the non-polyphar-
macy group.
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Table 2: Medication by ATC group from the app

Table 3: Most common medications in the app

Discussion
Medical smartphone apps can be used to generate PROs,
which can significantly promote patients’ participation in
their own healthcare. Integrating these apps into ongoing
disease registries provides an opportunity to enrich reg-
istry data with additional patient-generated data. In this
project, the integration of amedication reminder app into
the RABBIT-SpA registry was successfully implemented.
We found a high concordance between the anti-rheumatic
medication documented by the patient via the app and
by the rheumatologist via the registry.
Clinical trials remain the gold standard for analyzing the
efficacy of new treatments. The strengths of clinical trials
include randomization and blinding, which allow for a
direct analysis of the effects of study interventions. How-
ever, clinical trials often suffer from low external validity
due to their narrow inclusion and exclusion criteria, short
study durations that do not allow for the investigation of
long-term effects (both effectiveness and safety), and
small group sizes that do not permit the analysis of very
rare adverse events [17]. In this context, observational
studies and data frommedical registries provide valuable
complementary evidence [18]. The relevance of registry
data has increased in recent years, as data from well-

monitored, high-quality registries are increasingly being
used to analyze treatment safety and effectiveness in
unselected patient cohorts. Enhancing the quality of re-
gistry data is crucial so that these valuable data can be
effectively utilized [19].
In rheumatology, disease registries are highly accepted,
andmany clinically relevant findings have been published
from the RABBIT and RABBIT-SpA registries [20].
One way to further improve the usability of registry data
is by linking it with other data sources [21]. In our re-
search project, a smartphone app was linked to the dis-
ease registry as part of a pilot project. Mobile health tech-
nologies like smartphone apps are rapidly evolving and
have the potential to improve medical care especially as
a shortage of health care professionals is an increasing
problem [22], [23]. The MyTherapy app was chosen be-
cause it is a generic, freely available app that allows for
user-friendly medication entry, either by scanning the
barcode or selecting the medication from a list. We de-
veloped and implemented a data protection-compliant
process that is quick and easy for both participating
physicians and patients. This process was designed to
be flexible, allowing for the future integration of other
apps into the registry.
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TheMyTherapy app aims to assist patients with their daily
medication regimen. Its reminder function is designed to
increase medication adherence [11]. Another feature of
the app helps users to monitor their medication supply,
reminding them to consider follow-up prescriptions for
their long-term medications. The usage behavior of app
users in our project is comparable to that of users of
other medical smartphone apps [15], [24], [25]. Users
of the generic version of theMyTherapy app typically enter
an average of four medications (unpublished data,
smartpatient), a range similar to that observed in our
project.
The preliminary analysis of themedication data collected
from the app showed interesting results. The concordance
with the physician reportedmedication data in the registry
was very high. However, we only analyzed the concor-
dance of the antirheumatic drugs, due to the low number
of participating patients.
Due to demographic changes, the proportion of people
with multiple chronic diseases is increasing in Germany
andmany other countries. Multimorbidity and increasing
age are often associated with polypharmacy. While gen-
eral population data in Germany show that 25% of people
across all age groups are affected by polypharmacy, and
44% in those aged 65 years and older, there is only very
limited data on the frequency of polypharmacy in people
with rheumatic diseases including PsA. In a secondary
data analysis of claims data, we found that 49% of PsA
patients were prescribed five or more medications, com-
pared to 17% in an age- and gender-matched comparison
group without chronic inflammatory rheumatic disease
[26]. The influence of age and comorbidities on the num-
ber of medications was confirmed in this data analysis.
The analysis of the medication data collected from the
app in regard to polypharmacy aligns with the expected
magnitude. Among patients with an average age of
44 years, the proportion of polypharmacy was 25%,
compared to 31% in the same age group according to
the Barmer analysis [26]. Additionally, in the registry data,
the number of medications correlated with both age and
the number of comorbidities.
The collection of PROs is highly relevant in rheumatology,
as many PROs are used in treatment decision-making.
Medical smartphone apps offer the potential to collect
PROs more frequently and outside of clinical settings,
such as at home or at work. This easier andmore frequent
collection of PRO data can enhance patient participation
in treatment decisions [27]. The equivalence of data from
PROs recorded either on paper or using an app has been
shown in a pilot study of 69 axSpA patients, however the
adherence to use the app was lower than 30% after 3
and 6 months [28]. In our preliminary analysis we found
that around 50% of the patients were still actively using
the app after 6 months. In a randomized controlled trial
testing different digital follow-up strategies a high degree
of acceptance and adherence to reporting PROs using
an app has been shown [29]. In a systematic review
summarizing the evidence on patients’ engagement with
different digital health applications in chronic arthritis a

high level of engagement to e-health applications was
found [30]. However, it needs to be further elucidated
which factors influence the engagement to use medical
apps.
Our analysis has limitations. The most prominent limita-
tion is the low number of patients. In Germany, there is
an increasing shortage of rheumatologists leading to
rising numbers of patients per rheumatologists [22]. The
high burden of work load in daily clinical rheumatology
care might partially explain the low recruitment into this
research project.
Due to the low number of patients, we only analyzed the
concordance of the most frequent medication groups
documented in the app, which were the antirheumatic
drugs. However, it would be of interest to analyze the
concordance between the app and the registry data on
medication for comorbidities as well.

Conclusion
Medical registries can be improved by linking app-
generated data. The availability of linked data offers op-
portunities to answer a variety of new research questions.
The integration ofmedical apps offers a promising avenue
for greater patient participation and engagement in their
own healthcare.
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