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ABSTRACT  

 

Background: Smartphone apps could support patients with self-care while reducing 

human-to-human contact. A smartphone app previously developed by our study team 

demonstrated that self-acupressure could achieve reduction in menstrual pain in 

comparison to usual care. Modernization and adaption of the app and a new trial were 

needed to keep the knowledge up to date and relevant for current implementation. 

Objective: The aim of this study was to develop an app-based pragmatic randomized 

controlled trial (pRCT) for women with menstrual pain that is feasible, to describe the 

conceptual and technical development process, and to evaluate the user access and 

user engagement data of this study app. 

Methods: Based on the previous study and app an adapted study and reengineered 

app were developed in a multidisciplinary context. The app uses the ResearchKit 

framework and behaviour change techniques (BCTs) with strict consideration of data 

protection. User access was estimated by the number of recruited participants over 

time. User engagement was assessed by the user conversion rate (numbers and 

proportions of downloads as well as consented and recruited participants) and the 

baseline survey completion rate. 

Results: The pRCT and the study app were successfully launched. The app was 

accessible and participants were well-engaged without external advertising. Within 9 

months, the app was downloaded 1458 times and 328 participants were recruited from 

the German App Store. A total of 98.27% (5157/5248) of the app-based baseline 

questions were answered. 

Conclusions: Conducting an app study requires multidisciplinary effort. The resulting 

study app allowed easy access and active engagement after recruitment via the App 

Store. Future research is needed to further investigate the determinants of user 

engagement. 
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ABSTRAKT  

 

Hintergrund: Smartphone-Apps könnten Patienten bei der Selbsthilfe unterstützen und 

gleichzeitig den Mensch-zu-Mensch-Kontakte reduzieren. Eine frühere Smartphone-

App, die von unserem Studienteam zur Unterstützung der Selbstakupressur entwickelt 

wurde, konnte bereits eine nachhaltige Reduktion von Menstruationsschmerzen im 

Vergleich zu Normalversorgung erreichen. Die Modernisierung und Anpassung der App 

und eine neue Studie wurden notwendig, um das Wissen für die aktuelle 

Implementierung aktuell und relevant zu halten. 

Zielsetzung: Das Ziel dieser Arbeit war es, eine praktikable App-basierte randomisierte 

kontrollierte pragmatische Studie (pRCT) für Frauen mit Menstruationsschmerzen zu 

entwickeln, den konzeptionellen und technischen Entwicklungsprozess zu beschreiben 

sowie den Nutzer*innenzugang und die Daten zum Nutzer*innen-Engagement der 

Studien-App zu evaluieren. 

Methoden: Basierend auf der vorherigen Studie und App eine adaptierte Studie und 

überarbeitete App wurden in einem multidisziplinären entwickelt. Die App nutzt das 

ResearchKit-Framework und Verhaltensänderungstechniken (Behaviour-Change-

Techniques, BCTs) unter strikter Berücksichtigung des Datenschutzes. Der 

Nutzer*innenzugang wurde anhand der Anzahl der rekrutierten Teilnehmer im Laufe der 

Zeit geschätzt. Das Nutzer*innen-Engagement wurde anhand der Konversionsrate 

(Anzahl und Anteil der heruntergeladenen, eingewilligten und rekrutierten Teilnehmer) 

und der Ausfüllrate der Baseline-Umfrage bewertet. 

Ergebnisse: Der pragmatische RCT und die Studien-App wurden erfolgreich gestartet. 

Die App war zugänglich und wurde von den Teilnehmer*innen ohne externe Werbung 

gut angenommen. Innerhalb von 9 Monaten wurde die App 1458 Mal heruntergeladen 

und 328 Studienteilnehmerinnen wurden aus dem deutschen App Store rekrutiert. 

Insgesamt wurden 98,27% (5157/5248) der App-basierten Baseline-Fragen 

beantwortet.  

Schlussfolgerungen̔Die Durchführung einer App-Studie erfordert einen 

multidisziplinären Aufwand. Die resultierende Studien-App konnte einen einfachen 

Zugang und ein aktives Engagement für selbstständige Nutzer*innen ermöglichen. 
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Weitere Forschung ist erforderlich, um die Determinanten des Nutzer*innen-

Engagements weiter zu untersuchen. 

 

1. INTRODUCTION 

Smartphones are transforming peopleôs experiences of healthcare. Apps can support 

and motivate people in their self-monitoring of health and activity data on a daily basis. 

For those with long-term health conditions, apps could be helpful in guiding their self-

management, especially in an outpatient setting.1-3 Moreover, health apps are also of 

special importance for conditions that could be associated with shame, such as mental 

illnesses, reproductive issues, or cancers.4 Digital interventions are a promising trend in 

Germany. The new Law for Digital Health Application (Digitale-Versorgung-Gesetz 

[DVG])5  aims at achieving better coverage of patients through digitization and 

innovation by implementing the entitlement of insured individuals to digital health apps 

and by allowing physicians to prescribe apps such as mobile Health (mHealth) 

interventions, which are then reimbursed as medical interventions by the statutory 

health insurances.5,6 This is also highly relevant to the current context, in which the 

pandemic of coronavirus disease 2019 (COVID-19) accelerated the digital 

transformation in healthcare and clinical research. A well-developed app could provide 

evidence-based information for patients while reducing human-to-human contact. Some 

mHealth apps have already presented preliminary evidence that they are beneficial;7 

however, the majority of apps in app stores continue to have no scientific evidence to 

support their use.8 

Primary dysmenorrhea is defined as menstrual pain in the absence of pelvic 

pathologies, with the pain commonly starting within 3 years of menarche.9,10 In addition 

to painful cramps, women also commonly experience other symptoms including 

headaches, diarrhoea, nausea, vomiting and mood disturbances.11 The prevalence of 

primary dysmenorrhea among all women of reproductive age can reach up to 81%;12-14 

thus, it is very often accepted as a normal aspect of the menstrual cycle, and is 

frequently tolerated without proper medical consultation.15 Primary dysmenorrhea could 

lead to numerous absences in education16 and loss of productivity at work.10,17 

To support women with menstrual pain, we have previously conducted a randomized 

pragmatic trial (ClinicalTrials.gov identifier: NCT01582724) from 2012 to 2015 
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investigating the effectiveness of app-based self-acupressure.14 Women with menstrual 

pain (n=221) from Berlin, Germany were randomized either to an app-guided self-

acupressure group or to a usual care group. Our data indicated that the mean pain 

intensity difference during the third menstruation was statistically significant in favor of 

the acupressure group. At the sixth cycle, the mean difference of pain between the two 

groups reached clinical relevance.10,14 

For smartphone app-based studies, it is important to keep the study results up to date 

and relevant for implementation.10 This is, in part, because of the rapidly developing 

mHealth technology and its impact on changing user experiences.10 The effect of an 

app-based intervention may be determined by the mobile platform it is available for, its 

design language, its respective features, or its possible dependencies on valid sensor 

data or a server.18 Therefore, a modernization and reengineering of our previous study 

app, and the development of a new corresponding trial which examines its effect over a 

longer duration than undertaken in the initial trial, were necessary.10 

ResearchKit is an open-source framework released by Apple Inc. (Cupertino, CA, USA) 

in 2015 as an easily adapted open-source framework to support clinical researchers 

conducting mobile app-based health studies.19 It contains structured core modules 

including patient consent templates, a survey engine, and active tasks which 

incorporate iPhone sensors to collect data.20 Using the ResearchKit framework, it is 

possible to build a study app for a mobile clinical trial which contains the patient consent 

process as well as app-based survey and intervention features. This would also allow 

us to verify previous study results on a larger scale and in a real-life self-care setting in 

different regions around the world.10 

Being a research tool, study apps should be developed following the General Data 

Protection Regulation (GDPR).21 An important principle of GDPR is data minimization. 

Data minimization can be accomplished only if it is considered in every step of trial data 

flow. However, these approaches have not yet been verified in app-based clinical trials. 

It is also not clear to what extent potential users would be able to access the study app, 

and further engage in using the app. 

Therefore, the aim of my doctoral project was to develop a feasible app-based RCT for 

women with menstrual pain based on current data protection principles, to describe the 

conceptual and technical development process, and to evaluate user access and user 
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engagement data. The reported development, access and engagement data might help 

accelerate future development of digital interventions and corresponding evaluation by 

RCTs.18 

 

2. METHODS  

2.1 Study design and the study app 

The app-based trial was reported based on Consolidated Standards of Reporting Trials 

(CONSORT)-EHEALTH checklist22 items. 

 

2.1.1 Trial design 

This smartphone app-based, international, 3-armed, pragmatic RCT is intended to 

assess whether an app with evidence-based self-care intervention contents is effective 

in reducing menstrual pain in young women with primary dysmenorrhea in comparison 

with two control interventions, i.e., versions of the same app but with fewer features.  

Participants could use the app for a study duration of 12 menstruation cycles. The 

primary outcome was assessed during the sixth menstruation, and was the mean pain 

intensity on painful days during the sixth menstruation on a numerical rating scale 

(NRS) ranging from 0 (no pain) to 10 (most intense pain imaginable). Participants were 

allowed to continue with their own usual care (medical and nonmedical) during the 

study. 

Participants received brief information about the study when they installed and opened 

the app for the first time. For those with further interests, compulsory eligibility questions 

were provided to assess their eligibility. After the consent and signature process, 

participants finished a 16-question baseline survey and were then randomized in a 1:1:1 

ratio to one of the three groups to unlock the intervention interface (see Figure 1).  

The study app was free of charge to use, but could be used only by eligible participants; 

no financial compensation was provided for participating in the study. The content of the 

study app remained ñfrozenò during the study period; that is, updates were allowed only 

for minor bug fixes regarding technical issues. 
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Figure 1. Study flow chart 

 

2.1.2 Participants, Recruitment and Settings  

The study aimed to recruit 594 young women with primary dysmenorrhea (198 per 

groups).10 The sample size estimation was based on previous study results, effect size, 

power and estimated dropout rate (for details see publication of the trial10).  

Participants were self-referred from the Apple App Store (Apple Inc., Cupertino, CA, 

USA). No external conventional advertising (such as posters in public transport or on 

campus) was planned for the recruitment. 

Female iPhone users between 18 and 34 years old were recruited if they had primary 

dysmenorrhea.10 Other eligibility criteria included reporting of moderate or severe 

menstrual pain Ó6 on the NRS, and no existing or planned pregnancy within the next 12 

months. A 12-question eligibility criteria check was designed for app-based self-

assessment (see Table 1). 

The trial was fully app-based. There was no human-to-human contact during the 

entirety of the trial phases. Participants read and signed the app-based consent with 

their fingers on the screen, and the consent document was generated as a PDF on 

each userôs iPhone. Outcomes were assessed only according to data collected via app-

based questionnaires and not by tracking data.  
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Table 1. Eligibility questions10 

No. Eligibility questions 
Question 
Type 

Criteria 

1 Are you a woman, over 18 and below 35 years old?  Yes/No  if no exclude 

2 
Do you suffer from period pain or menstrual cramps during 
every menstrual cycle?  

Yes/No  if no exclude 

3 
Do you suffer from your period pain on more than 5 days 
outside the period? 

Yes/No If yes exclude 

4 Do you think your pain started during your teenage years? Yes/No if no exclude 

5 
Do you have any prior history of a gynecological disease that 
is known to be a reason for your period pain? 

Yes/No  if yes exclude 

6 Did you have a period within the last 6 weeks?  Yes/No  if no exclude 

7 Is your cycle length between 3 and 6 weeks? Yes/No  if no exclude 

8 
How strong was the most severe pain without medication 
during your last period? 

Numerical 
on a pain 
scale from 
0 to 10 

if <6 exclude 

9 

Are you willing to see a doctor when 1) your pain is getting 

worseΟthan usual, 2) pain medication is not helping, and 3) 

when you have pain well before or well after the period? 

Yes/No if no exclude 

10 Are you pregnant? Yes/No  if yes exclude 

11 Do you plan to be pregnant within the next 12 months? Yes/No  if yes exclude 

12 Is this your iPhone? Yes/No  

if no exclude, and 
message the user 
because of data 
protection, the 
app should be 
used only on your 
own iPhone.  

 

2.1.3 Trial interventions 

All participants received the study app with access to different features according to 

their group allocation. Participants were required to practice self-acupressure and/or 

self-care starting at five days before menstruation until the end of menstrual bleeding in 

each menstruation cycle. 

The acupressure intervention was already evaluated in our previously conducted RCT 

and demonstrated effectiveness compared with usual care. The acupuncture points 

SP6 (Sanyinjiao), LI4 (Hegu), and LR3 (Taichong) were chosen through a consensus of 

acupuncture experts from China, Germany and the United States.10,14 Self-acupressure 

methods were explained in the study app using written information and animations. 

Participants were to massage bilaterally each acupressure point for 1 minute, if 



Dissertation Wang 9 of 45 pages 

  

possible, twice a day (up to 5 times per day) starting from 5 days before menstruation 

until the end of menstruation.10  

The self-care feature in the study app offered evidence-based written information about 

exercises, nutrition and dietary supplementation, heating pad/hot water bottle use, yoga, 

when to consult a doctor, and how primary dysmenorrhea is treated in most cases.10 

 

2.1.4 Technical development of the study app  

The development of the app was started with the aim to modernize the design and 

technology of a previous study app14 named ñAKUDò (2012-2015) for a new 3-armed 

trial in a self-recruitment self-care setting. 

The study app Luna. (name: ñLuna, periodò) was developed collaboratively by the 

Institute of Complementary and Integrative Medicine of the University of Zurich, 

Switzerland, the Institute of Social Medicine, Epidemiology and Health Economics, 

Charité ï Universitätsmedizin Berlin, Germany, and Smart Mobile Factory, Berlin, 

Germany, based on Appleôs ResearchKit modular concept. The affiliation information 

was clearly visible on the introduction page in App Store and in the study app.  

The app was coded in Swift 4 (Apple Inc., Cupertino, CA, USA), supporting English, 

German, Chinese (traditional and simplified) and Portuguese (Brazil). The design 

followed the iOS Human Interface Guidelines20 and targets young women. The team 

involved in the study app development included iOS and backend developers, 

designers, medical doctors, public health researchers, and experts on integrative 

medicine and health. 

 

2.1.5 Behaviour Change Techniques in the study app 

During the app development phase, a BCT taxonomy (BCTTv1)23 was used to 

document BCTs implemented in the app. For example, the BCT prompt/cues were 

recorded for a push notification function to remind users to complete surveys. The app 

was originally developed in English. During the adaptation into other languages, the 

content of the app was always translated with care to ensure that the respective 

underlying BCTs were not affected. 
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Expert validation was conducted to ensure the scientific description of BCTs. Two 

psychologists who were not part of the development team were invited to independently 

rate the individual app features to validate the proper use of BCTs. Their rating results 

were compared with the BCTs listed by the study team. A consensus meeting was 

conducted to resolve disagreements. 

 

2.1.6 Data minimization and data protection 

The trial and the study app were developed adhering to the principle of data 

minimization.21 Only data that were absolutely necessary to answer the research 

questions were collected. A skip button was implemented for baseline survey questions. 

Only questions regarding primary outcomes (date and length of period, baseline period 

pain on NRS) were not skippable (see Table 2 Baseline questions).  

Table 2. Baseline questions10 

No. Baseline questions Answer field 
Skip 

button 

1 Your age _____ years X 

2 
BMI calculated from height and 
weight 

Your height: ____ cm 
Your body weight: ____ kg 

X 

3 
What is the highest level of 
education you have completed so 
far? 

Hight school or above 
Other X 

4 

How long is your cycle usually (the 
time from the first day of period 
until the beginning of the next 
period)? 

_____ days 

 

5 How long is your period usually? _____ days  

6 

What kind of period pain and 
discomfort do you usually 
experience? (multi choice possible) 

Stomach cramps 
General pain in lower belly 
Lower back pain 
Headache 
Nausea/Vomiting 
Other symptoms, namely _____ 

X 

7 

Do you use hormonal 
contraceptives (e.g., birth control 
pills, hormone patch, vaginal ring, 
and hormonal IUD)?  

No 
Yes ï>if yes 

X 

Why do you use hormonal 
contraceptives? 
 
éfor contraception. 
ébecause of my period pain. 
ébecause of other reasons 
(for example, acne). 
 

How long have 
you been using 
hormonal 
contraceptives? 
 
for ___ months 
and ___ years 
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The app was developed with strict consideration of data protection. The app server, the 

backend database, and the primary study center are based in Germany. The study 

team of the coordinating office in Germany was supervised by the data protection officer 

of the Charité ï Universitätsmedizin Berlin.10 The trial was anonymous. Instead of the 

Which hormonal 
contraceptives are you 
using? _______ 

8 
How intense was the average 
period pain of the painful days 
during your last period? 

0 1 2 3 4 5 6 7 8 9 10 
0 = no pain at all 
10 = most intense pain imaginable 

 

9 
During your last period, how 
intense was the worst period pain 
you experienced? 

0 1 2 3 4 5 6 7 8 9 10 
0 = no pain at all 
10 = most intense pain imaginable 

 

10 
On how many days have you dad 
period pain during your last period? 

_____ days 
X 

11 

On how many days were you 
absent from work or education due 
to period pain during your last 
period? 

_____ days 

X 

12 
Have you taken any medication for 
your period pain? 

No 
Yes ->if yes, which one: ______ 

X 

13 

Which selfcare activities have you 
done during the previous month 
because of your period pain? 
(multiple choice possible) 

No actions 
Fitness/Gymnastics 
Jogging/Running 
Acupressure 
Yoga 
Autogenic training 
Herbal medicine 
Meditation/Relaxation 
Homeopathy 
Local supply of heat 
Food supplements 
Tea 
Others: ______ 

X 

14 

Which selfcare activities have you 
done during the previous month 
because of other reasons than 
your period pain? (multiple choice 
possible) 

No actions 
Fitness/Gymnastics 
Jogging/Running 
Acupressure 
Yoga 
Autogenic training 
Herbal medicine 
Meditation/Relaxation 
Homeopathy 
Local supply of heat 
Food supplements 
Tea 
Others: ______ 

X 

15 
When did you have your last 
period? Please enter the data of 
the first day of your last period. 

__.__.____ 
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name, a token was created as an identifier to label the used iPhones. The natural 

person owning the iPhone (the study participant) would not be identifiable by the data 

transferred to the study server.10 The consent document with the signature was kept on 

each participantôs iPhone, and the study team received only a code in the backend if the 

participant had successfully signed the consent form. Also, the study app did not 

support any form of passive data tracking such as the number of clicks or location data. 

Collection of information by the app-based survey could be stopped at any time by 

withdrawing from the study by clicking the ñleave studyò button, and by uninstalling the 

app. 

 

2.2 User Access  

User access of the app was assessed by the number of participants who downloaded 

the app and were recruited to the study. We assumed no external advertising would be 

needed for recruitment, as our previous experiences14,24 showed that an app-based 

study meets wide acceptance among young women in Germany. However, a press 

release25 was published on the homepage of Charité ï Universitätsmedizin Berlin (see 

Figure 2) on February 28, 2018 (in German and English language) mentioning the 

results of the previous trial and the updated study with a link to the App Store.  

 

Figure 2. Screenshot of press release 
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Other web-based media reports of the study were observed regularly by the study team, 

using Google searches with the keywords ñselfcare + period pain + Lunaò, ñselfcare + 

Lunaò, ñapp + period painò, ñacupressure + period painò (also in German: ñSelbsthilfe + 

Regelschmerzen + Lunaò, ñSelbsthilfe + Lunaò, ñapp + Regelschmerzenò, ñAkupressur + 

Regelschmerzenò). 

 

2.3 User Engagement 

The term ñuser engagementò with an app represents active interactions users performed 

with the app. It is usually assessed as the number of downloads, logins, clicks, 

purchases (if available), etc. In our trial, the number of users who downloaded the app, 

who consented to the study and who finished the baseline survey diminished at each 

stage. Thus, these user flow and conversion rates were recorded as user engagement.  

Moreover, as we did not track clicks or the duration of app use due to strict data 

protection, we developed other measurements of user engagement. In the baseline 

survey, 11 out of 16 questions were implemented with a ñskipò button to allow users to 

skip questions they did not want to answer. The percentage of skipped questions in the 

baseline survey and the total survey respondent rate were calculated to investigate how 

well users were engaged in answering app-based questions.  

 

2.4 Outcome assessment 

For measuring the BCT ratings, intraclass correlations (ICCs) were used to assess the 

interrater reliability and to compare rating results among BCT raters.10 

User access was measured by descriptive statistics for the number of participants who 

downloaded the app and were recruited to the study.  

User engagement was interpreted as the user conversion rate and usage of the skip 

button. The user conversion rate was assessed using the number and proportion of 

users who downloaded the app, consented to the study and completed the baseline 

survey. Usage of the skip button was assessed by calculating missing values of 

baseline survey variables, as we do not directly track clicks of this button.  

All collected data were analyzed using SPSS version 22.0 (SPSS Inc., Chicago, IL, 

USA). 
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2.5 Ethics 

The study was approved by the universityôs ethics committee (Charité - 

Universitätsmedizin Berlin approval Number EA1/364/16). The trial was registered at 

ClinicalTrials.gov (NCT03432611). The app has been available for download in the 

German App Store since February 2018 and has also been available for the study sites 

Australia, Brazil and Taiwan since April 2020, and for the United States since December 

2020. 

The study was also approved in study sites in Taichung, Taiwan (approval letter number 

CMUH107-REC1-120 by the Ethics Committee of China Medical University and 

Hospital); and in Sydney, Australia (approval number H13175 by the Western Sydney 

University Human Research Ethics Committee); Florianopolis, Brazil (approval number 

3.583.066 by the Ethics Committee of the Federal University of Santa Catarina), and 

Baltimore, United States (approval number HP-00089998 by the Institutional Review 

Board of the University of Maryland, Baltimore).10 

 

3. RESULTS  

3.1 The app-based trial and the study app  

The study app was successfully developed and tested using multidisciplinary 

approaches.10 The start date of the trial was based on the release date of the study app 

in the App Store (February 2018). Participants were self-referred by visiting the Apple 

App Store page and downloading the app. Eligibility check, consent and random 

allocation of participants were all processed by the study app. Different self-care 

interventions were guided by corresponding app features, and the follow-up data were 

collected by app-based survey questions. 

Core features of the study app were Dashboard, Journal, and intervention components 

(see Figure 3).10 The Dashboard displayed the progress of the follow-up phase and 

answers to survey questions, as well as a prediction of the next period start date. 

The Journal feature contained a period calendar and an overview of currently available 

survey questions. 
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Figure 3. Screenshots of the study app10 

 

The intervention components (namely self-acupressure and self-care information) were 

displayed selectively according to the group allocation. Self-care information was 

displayed as reading materials in the app. Self-acupressure was guided by pictures and 

animations as well as by written explanations (position, strength, and sensation). A 

visual timer for the acupressure indicated the desirable duration of acupressure. In 

addition, an in-app notification on the appôs dashboard reminded users to practice 

acupressure during painful days at least twice daily. Participants were free to quit the 

study with the ñLeave studyò button anytime. 

BCTs were implemented in the study app, and a consensus of BCTs and corresponding 

app features was reached. Validation results of two psychologists presented very good 

consistency (ICC=0.954; 95% CI 0.87-0.98).10 However, rating results of the study team 

did not correspond very well with the ratings from psychologists (ICC=0.442; 95% CI 

0.07-0.78). Discrepancies were resolved in a consensus meeting, and a final agreement 

was reached. Overall, 12 BCTs were identified and validated in the study app.10 The 

most frequently implemented BCTs were prompts/cues (implemented 5 times), 

instructions on how to perform a behaviour (4 times), and demonstration of the 

behaviour (3 times).10  

 

3.2 User access  

Within the approximately 9 months since the app was launched (from February 19, 

2018, to November 13, 2018), 328 participants were recruited to the study.  
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The web-based press release on the Charité website was well received by the public 

and the media.10 By observation of media coverage via Google search during the 

following 10 weeks, 65 articles or blog entries of pharmacy or health-related websites 

citing the press releases in English and German could be reached from March to May in 

2018.10 

Two months after the press release, a peak of recruitment lasting for another two 

months could be observed. Approximately 60% (195/328) of the participants were 

recruited within this time frame. We recruited around 8 study participants per week on 

average, with 22 participants per week during the peak months.10 

The app is currently also launched in the App Stores for study sites in Australia, Brazil, 

Taiwan and the United States, without adaptation of the initial recruitment plan. A 2-step 

recruitment strategy is planned by the study team to observe the effect of localized 

advertisement. In the first (current) recruitment period, no advertisement should be 

launched. In the following recruitment period, localized advertisement would be allowed 

and decided by Principal Investigators (PIs) of sites based on their own culture and 

preference (i.e., customized app description and local email/message lists).  

 

3.3 User engagement 

The app was viewed 1885 times and downloaded 1458 times in the App Store from 

February to November 2018.10 In total 388 (388/1458; 27%) users passed the 12-

question eligibility check and agreed to consent; 328 (328/388; 85%) users completed 

the baseline survey and were finally recruited as participants.10 Figure 4 presents user 

evolution rate and flow.  

Usage of the skip button of the recruited 328 participants was recorded. Only 3% of 

skippable questions were actually skipped. The completeness of the baseline survey 

answers is 98.27% (5157/5248).10 The question regarding symptoms (multiple choice 

plus free text) during the period was answered by all users (response rate 100%), 

where 105 (105/328, 32.0%) of them used free text to express discomfort or 

symptoms.10 Additionally, 269 (269/328, 82.0%) users answered the question about 

period pain-related medical history and entered the name of their medication.10 
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Figure 4. User evolution10 

 

4. DISCUSSION 

4.1 Principal findings 

We successfully developed a ResearchKit-based study app for a pragmatic randomized 

controlled trial. The available data indicated that the app was accessible and the target 

study population was well-engaged. Also, early involvement of behaviour scientists and 

strict data protection were essential for this digital trial. 

 

4.2 Strengths and limitations 

We were able to recruit a large number of self-referral participants in a short period of 

time. The digital health engagement and recruitment process allowed us to reach 

German and even global participants without any specific cultural adaptions. 

Furthermore, the recruited participants were rather actively engaged in the app-based 

survey. The fast app-based recruitment enabled low barriers to entry for mHealth 

research and agile transferring of evidence-based healthcare information into practice. 

The study app was developed based on well-considered user privacy and followed the 

principle of data minimization. Data protection in app-based studies has been of 

concern for a long time; however, most mHealth apps are still not sufficiently 
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transparent with information regarding data security.26,27 An app that clearly indicated 

protection of user data might thus enhance user trust and user engagement. 

Also, our pragmatic trial design enables us to investigate the effectiveness of an app-

based self-care tool. The study results have good external validity and are easy 

transferrable to a real-life setting. The data and experiences might provide a framework 

and practical information for developing relevant app-based interventions in the future. 

This study is not without its limitations. By adapting the Apple ResearchKit framework, 

we could only include iPhone users in this study, which might introduce potential 

selection bias and therefore limit the generalizability of the study. Also, our data does 

not offer the reasons for ineligibilities, because of the privacy rules and ResearchKitôs 

design. Users who could not pass the app-based eligibility check were not recruited to 

the study; thus, we were not allowed to collect data from them. In addition, we were not 

able to check the identity and diagnoses of the study participants. However, participants 

that provided false information should have been similarly distributed over both 

randomized study arms. Lastly, data on user engagement are still limited thus far. User 

interaction data such as number of clicks and duration of app use are often used to 

assess engagement with an app. Unfortunately, we do not support such passive tracked 

data in our study because of strict privacy considerations. 

 

5. CONCLUSIONS 

Conducting an app-based study following the data protection regulations requires 

multidisciplinary efforts.10 The resulting ResearchKit-based study app for menstrual pain 

is feasible for the target population with positive user access and engagement.10 

However, future research is necessary to investigate the determinants of user 

engagement to promote sustainable digitalization in clinical and self-care scenarios. 

 

Preview link of the study app in the App Store: https://itunes.apple.com/de/app/luna-

selfcare/id1295766978?l=en&mt=8 

  

https://itunes.apple.com/de/app/luna-selfcare/id1295766978?l=en&mt=8
https://itunes.apple.com/de/app/luna-selfcare/id1295766978?l=en&mt=8
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