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Background: The German pregnancy register Rhekiss is designed as a nationwide, web-based longitudinal observational cohort established in 2015. The register follows women with inflammatory rheumatic disease prospectively from child wish or early pregnancy until 2 years post-partum. Information on clinical and laboratory parameters, drug treatment, and (adverse) pregnancy outcomes are documented in pre-specified intervals. Physicians and patients report data for the same time periods via separated accounts and forms into a web-based application (app). As data entry on mobile devices might improve response rates of patients, a responsive app as a further convenient documentation option was developed.

Methods: The Rhekiss-app is available for self-reported data retrieval since August 2017 from the App stores. For the current analysis, Rhekiss register data were used from the start of the register until 30 September 2020. The analyses were performed for forms containing information on devices. Outcome parameters were compared for mobile and desktop users for the quantity and quality of filled forms.

Results: In total, 5,048 forms were received and submitted by 966 patients. About 57% of forms were sent from mobile devices with the highest numbers in patients with child wishes (63%). Users of mobile devices were slightly younger and often had less high-education level (62 vs. 79%) compared with desktop users. The proportion of forms submitted via mobile devices increased steadily from 48% in the fourth quarter of 2018 to 64% in the third quarter of 2020. The proportion of forms received before and after the Rhekiss-app implementation increased with the highest increase of 12% for forms filled at time point 12 months post-partum. Mobile users submitted significantly more forms than desktop users (2.9 vs. 2.1), data sent via desktops were more often complete (88 vs. 86%).

Conclusion: The responsive app is a valuable additional tool for data collection and is well-accepted by patients as indicated by its increasing use in Rhekiss. Apart from desktop/browser developments, the technological adoptions within observational cohorts and registries should take smartphone requirements and developments into account, especially when patient-reported data in young, mobile patients are collected, bearing in mind that data quality could be compromised and concepts for improving data quality should be implemented.
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INTRODUCTION

Advances in family planning and pregnancy management enable more successful pregnancies in women with inflammatory rheumatic diseases (IRD), which are, in general, associated with an increased incidence of complications and adverse pregnancy outcomes (1). Recommendations on the management of family planning and health issues of women have been published (2). Effective pregnancy planning, contraception guidance, and firm treat-to-target goals may decrease the risk for maternal-foetal morbidity and mortality (3, 4). More standardised data on the outcomes of pregnancies and the potential influence of drug exposures in various IRDs are warranted to further optimise management recommendations and continuously evaluate the safety of medications. Thus, registers and the European Network of Pregnancy registers in rheumatology (EuNeP) have been implemented (5, 6).

Information technology (IT) applications (apps) guaranteeing privacy and confidentiality for all stakeholders—most importantly not only at the point of care—seem to be a prerequisite for a successful and sustainable modern register. Digital apps including apps that offer valuable perspectives for modern health care systems and are recommended for health system strengthening by the WHO (7). They may improve and facilitate health services research and reduce barriers to better health for mothers with IRD and their children (8–10). In addition, the increasing use of mobile devices, especially among young adults, and the ability to access data via smartphone apps have reshaped data collection procedures (11).

In the nationwide, prospective, observational German pregnancy register “Rhekiss” rheumatologists and patients report data into a web-based app, e.g., on personal computers, laptops, and notebooks (6). This app was not responsive, a prerequisite for self-reported data entry of patients on mobile devices. Thus, the responsive Rhekiss-app for mobile devices was developed as a convenient means for patients to facilitate data entry on a larger number of devices and/or to increase the response rate of patients. We evaluated the quantity and quality of Rhekiss-app data compared with data collected directly through the web app to analyse the suitability of the Rhekiss-app as a tool for the collection of patient-reported data in an online register.



MATERIALS AND METHODS

The German pregnancy register Rhekiss is a collaboration among the German Rheumatism Research Centre (DRFZ) in Berlin, the Rheumazentrum Rhein-Ruhr e.V, and the Policlinic for Rheumatology and Hiller Research Unit for Rheumatology at the University Clinic in Duesseldorf, Germany. The register is designed as a nationwide longitudinal observational register and was established in 2015. The website is accessible on https://rhekiss.de and holds register-content related and technical “frequently asked question” information for participating physicians and patients. Content and technical related support are available during business hours via phone or email.

The register follows women with IRD prospectively in pre-specified intervals. Patients are included through their rheumatologists. The eligibility criteria of patients comprise of: (1) one of the following IRDs diagnosed by a rheumatologist: rheumatoid arthritis, psoriatic arthritis, spondyloarthritis, juvenile idiopathic arthritis, systemic lupus erythematosus, other connective tissue diseases, vasculitis, and autoinflammatory syndrome; (2) age above 18 years; (3) inclusion with child wish or during pregnancy until 20th week of gestation; and (4) a signed General Data Protection Regulation (GDPR) conform informed consent.

Patients are documented in the register in so called “modules” (module A: child wish, module B: pregnancy, and module C: post-partum), scheduled assessments depicting the periodic intervals of data acquisition of patients and physicians are shown in Figure 1. At each assessment, both patients and their rheumatologists report data. During the observations, sociodemographic data, course of the maternal disease (e.g., disease activity and flares), comorbidities, drug treatment, information on clinical and laboratory parameters, development of foetus, respectively, child, complications, and validated patient-reported outcome measurements (PROMs) are assessed.
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FIGURE 1. Rhekiss assessment schedule from the three modules (child wish, pregnancy, and post-partum).


The technical implementation of the register was carried out in collaboration with a German IT company and a German survey tool manufacturer (Serrala Cloud Solutions GmbH and Tivian XI GmbH). The database of the register was hosted at the University Clinic in Duesseldorf until January 2021 and then moved to a public provider in Germany who is certified to the internationally accepted norm ISO/IEC 20000-1:2011 and ISO/IEC 27001:2013. The study centre is located at the DRFZ in Berlin. The responsive Rhekiss-app was developed in 2017 and is currently available in German only. It can be downloaded for patient-reported data entry from the App stores (Google Play and Apple App Store) free of charge. The app uses common data entry forms for data documentation. Rhekiss does not provide (mobile) devices for register use. A “bring your own device” (BYOD) concept is followed for documentation by patients. Physicians usually use the IT infrastructure of their professional work environment.

Data entry is performed online only by accessing the web-based system in a browser or via the Rhekiss-app via personalised logins. Forms for data entry have pre-given, varying validity periods that define when reports should be submitted and are automatically submitted with the information entered at this certain point. This applies to the patient and physician system. The approach guarantees that any data entered but not yet sent are delivered to the database automatically. Thus, data loss is kept to a minimum.

The rheumatologists register the patients using personal data and a valid email address of a patient. Pseudonymisation is performed immediately. The patient receives an automatically generated email with a link from the Rhekiss app, which enables independent login to the patient account and the provision of disease specific forms.

The patients activate their accounts via a link sent to the email address provided by each patient to the rheumatologist for enrolment in the register. Depending on the active module at inclusion, the patient receives a set of data entry forms (such as, PROs and other data) that need to be completed via browser access on personal computers, laptops, and notebooks, or in the corresponding Rhekiss-app. As the observation progresses, the patients receive a one-time email informing them that new questionnaires are ready to be filled out by them in the system. No further reminders are sent within a module. Corrections or the addition of data of patients are not included in the monitoring system that was established for the physician part of the system, as seen below.

For each patient and according to the module, the physician receives a set of web-based data entry forms. Some information (e.g., obstetric history) can be entered at any time during the respective module, but trimester-specific information (such as, medication and disease activity) can only be entered and sent to the database up to a pre-defined date which is pre-calculated based on the reported conception date.

A monitoring system for Rhekiss has been established enabling the Rhekiss analyses team for data protection-compliant enquiries to the rheumatologists and thus correction of data and/or adding missing information or details. Printouts of data for the files of physicians are not provided.

During data entries, unintentional non-response is minimised by some error prompts in both the accounts of physicians and patients. Both, the web app and the Rhekiss-app contain error prompts for the patients.

Neither the physician nor the patient can look at each other's data to be able to collect intimate data without concern. Moreover, the data are only available to the data analysis team which does not have access to any personal data. The physicians can see all patients enrolled by them in the register. In addition, they are able to see the data entered by them as long as the questionnaire/form is not (auto-) submitted. The patients do not see which other patients have been enrolled or any data of other patients but all data entered by them until the form has been (auto-) submitted.

Positive ethics votes have been retrieved from the Charité University Medicine Berlin (EA1/0757/15) and the Medical Faculty Heinrich-Heine-University Duesseldorf (internal number 5114) and—where required—also from other ethical boards throughout Germany (available on request). In addition, data protection approval has been obtained. The register was registered to the German Clinical Trials Register (DRKS) with the identifier DRKS00024215 retrospectively on 6 June 2021.

Rhekiss was established and is maintained with financing from the DRFZ in Berlin and from the Rheumazentrum Rhein-Ruhr e.V.

For the current analysis, data from the Rhekiss register were used from the start of the register on 15 September 2015 to 30 September 2020. As the information on the device used was only implemented since 1 October 2018, the analysis on devices included only forms submitted from 1 October 2018 to 30 September 2020.

Each form can be sent only once, either via mobile device or via desktop. The source of information for the form retrieved (i.e., desktop or mobile device) is detected automatically from the Rhekiss web app. If the information on the device was not provided, this was always due to technical issues. Observations with missing device information were excluded from this analysis. Depending on the device used to submit the form, data were stratified into two groups, i.e., mobile and desktop users. Outcome parameters as a module in Rhekiss, diagnosis, age at filling out the questionnaire, educational level, breastfeeding, and severity of disease were compared for the two groups. To compare response rates before and after the implementation of the Rhekiss-app, the forms were separated into two groups: submitted until 31 July 2017 and after 1 August 2017.

Based on the applied usual classifications of the educational level of patients in Germany, patients were divided into the following two groups for the analyses: “secondary school level or less” and “university entrance diploma.” The latter was regarded as a “high educational level.”

To evaluate whether the app increases the number of exploitable self-reported patient data, the proxies “self-rated health status” and “Rheumatoid-arthritis-impact-of-disease questionnaire (RAID)” were selected because these parameters were to be observed at every time point for all patients. For comparability reasons, self-rated health status is assessed as in the national German database of the German Collaborative Arthritis Centres, and the RAID questionnaire is implemented as a validated PROM (12, 13).

Non-parametric Wilcoxon test, Kruskal–Wallis-test, and chi-square-test were used to compare the two groups. P-values < 0.05 were considered statistically significant. The statistical analysis was performed using SAS© 9.4.



RESULTS

Physicians working in hospital outpatient clinics (n = 50) and 97 working in private practises are participating in the register.

Until database closure for the analysis on 30 September 2020, 5,048 questionnaires had been submitted by 966 patients. Approximately half of the questionnaires received (2,380, 47%) were filled in via smartphone, 1,976 (39%) were sent from a desktop computer, 267 (5%) were filled in via tablet, and 12 (0.2%) via phablet. For 413 (8%) of the forms, the device was not detected due to technical issues. These observations were excluded from the analysis. The remaining 4,635 smartphone, tablet, and phablet observations were summarised into one mobile group for further analysis. The time course of desktop and mobile submitted forms over time is shown in Figure 2.
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FIGURE 2. Proportion of questionnaires in percentage submitted by desktop and mobile devices from 1 October 2018 to 30 September 2020.


More than one questionnaire was filled in by 807 patients of which 434 (54%) used a mobile phone as the first device and 373 (46%) used a desktop computer. Some patients changed the device for their data reporting during their follow-ups in the register. The mode of data reporting changed in 24% of patients who started with desktop data entry and switched to mobile use and 12% who started with mobile and switched to a desktop for at least one questionnaire.

Distributions of forms among modules and diagnoses are shown in Table 1. About 15% of the questionnaires were submitted in the child wish module, 43% in the pregnancy module, and 42% in the post-partum module. In general, mobile forms were more frequently used than desktop forms. For psoriatic arthritis, more questionnaires were submitted by desktop (54%) and for all other diagnoses, mobile questionnaires were more common.


Table 1. Characteristics of patients who filled the forms either via desktop or mobile device.
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The average age of desktop users was 34 years, while patients who completed their questionnaires by mobile devices were significantly younger with a mean age of 33 years (p = 0.0001). The group of patients under 30 years of age had the highest proportion of forms filled in by mobile devices (68%); in this age group, no difference of education level was detectable between the mobile and desktop users. Further details are listed in Table 1.

Out of 926 patients, mobile users submitted an average of 2.9 and desktop users of 2.1 questionnaires (p = 0.0001). The education level differed significantly between the two groups (p = 0.0001). Significantly more desktop users reported a high education level (79 vs. 62% in mobile users; p = 0.0001). In the group of desktop users, the proportion of breastfeeding patients was higher (82%) than in the mobile user group (75%), the difference was statistically not significant (p = 0.05). The distribution of severity of disease in desktop users did not differ statistically from mobile users (p = 0.05).

To compare the proportion of patient questionnaires sent by a specific device before and after the implementation of the Rhekiss-app, response rates were analysed for every time point. The proportion of submitted forms increased by 5% on average and detailed results for all time points are shown in Table 2.


Table 2. Proportion of patient reported forms received before and after the implementation of the Rhekiss-app (100% was assumed as the expected number of patient forms at the corresponding time point).
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Regarding the completeness of data in the submitted forms, overall, the self-assessed health status was evaluable in 87% and RAID in 86% of the patients. For both scores, a significant difference between desktop and mobile was detected: forms filled-in on a desktop computer were more often completed but this was influenced by the different levels of education of desktop and mobile users (as shown in Table 3). Desktop users with university entrance diploma filled in the self-reported health status and the RAID more often complete than mobile users with university entrance diploma (72 vs. 57% and 72 vs. 56%, respectively). In patients with lower education levels, this was the opposite and the completeness was higher in mobile device users.


Table 3. Self-reported health status and rheumatoid-arthritis-impact-of-disease questionnaire (RAID) as proxies for the quality/completeness of patient reported outcome instruments filled in with differing devices.
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DISCUSSION

Rhekiss is set-up as a web-based online pregnancy register for physicians and patients with IRDs. A GDPR conforms app for mobile devices provides an additional data entry option for patients. To our knowledge, this is the first study in rheumatology that evaluated an app as a tool for data documentation in a web-based register, thus, filling an important knowledge gap.

The Rhekiss-app was used for data acquisition from more than half (57%) of our patient questionnaires and its use remained high over the observed period, indicating good acceptance of the mobile documentation option. We anticipated this, as the opportunities and requirements of being spatially mobile are part of today's everyday life and normality of young people (14), and even though it has been reported that mobility in pregnant women is lower (15). Our data confirmed that mainly younger participants used the mobile app. It is in line with the findings that more than 95% of young people until the age of 39 years use smartphones, usually stick to their phone, and use it for internet access frequently (16).

Even though it could not be taken for granted that patients would follow our BYOD concept for self-reported data documentation, e.g., due to security concerns for data entry when installing or other, more technical aspects, such as compatibility issues, the app was accepted in all groups of our Rhekiss participants. We may have been benefited from the fact that the Rhekiss-app development was performed in the university/institutional, tertiary care context, and that it was not driven by commercial interests. Within a feasibility study of a patient diary set up as an app, the BYOD concept was accepted by patients with rheumatoid arthritis that were, however, older than the analysed Rhekiss cohort (17). In a similar approach, the register for “Breast cancer care for patients with metastatic disease” implemented an app for PRO collections (18). The authors were able to show that an app in a BYOD approach is feasible and accepted in incurable patients (18). Additionally, the BYOD approach has been recommended to ensure high acceptance of ePROMs of patients and the “conservation of instrument measurement equivalence” (19).

Socioeconomic status is assumed to influence the usage of the “new” technologies (20). In Rhekiss, more patients with higher education used the desktop for data entry. This may be due to the more regular availability of desktops (such as notebooks and laptops) in higher educated persons needing the device, e.g., for business reasons, and because desktops are prohibitively expensive for many other families (21). Even if we face more IT-savvy and well IT-equipped young patients of childbearing age, not every patient may fulfil the prerequisites to use apps (e.g., old operating system) (17) and, thus, need to rely on a desktop for data completion, e.g., with caring physicians, friends, or family members. The application modes showed a statistically significant difference in mean age, but we consider this difference of 1 year not relevant.

Prior to the Rhekiss-app development, we assumed that it will be particularly comfortable for breastfeeding women to enter information into an app with greater flexibility. However, our data did not confirm this assumption as breastfeeding mothers used the desktop more often. This finding may be driven by the fact that research with parents of older children suggests that engagement of parents with technological devices (e.g., mobile devices) in the presence of their children decreases the quality of parent-child interactions (22), which mothers may want to avoid in the early phase of life.

With the implemented app, response rates of questionnaires increased by 5% in the mean, being highest “12 months after post-partum.” Thus, we partially met one of our research goals. As missing data can badly affect the data quality, score calculations, and limit the usefulness of PROM (17), we investigated the number of evaluable register data retrieved from the different devices. Our two proxies used revealed that data entry via the desktop was significantly more often complete, suggesting that in a register desktop use should be preferred for data entry. However, the difference of the percentages is still small (~3%), raising the question of the clinical and health services research related meaningfulness of these results, which needs further clarification. According to our data, one contributing factor is given by the prevalent school education of patients, which cannot be controlled by the register. Perceptions and expectations towards the application might also depend on the underlying disease, requiring a user-centred design and implementation of a web-based register, similar to the recently reported e-register approach reported from Bogale et al., and other published recommendations for mobile health apps for patient self-management (23, 24).

Patient dashboards in which the entered data and also missing values of the different assessment periods (childbearing to postpartum) are displayed—e.g., also in comparison with results from other patients—could increase response and completeness rates in both modes of data acquisition. Caution must be taken when implementing them, as the dashboard could be seen as an intervention in the patient journey that would have to be evaluated and, moreover, could be restricted by the medical device regulation and other, e.g., country-specific, regulatory requirements (25–27). In Rhekiss, reminders for the questionnaire are sent out through the application only once when the corresponding module (e.g., first/second trimester) is activated. More advanced targeted client communication (e.g., more reminders) may be an option to increase patient participation, although the value of the targeted client communication approach via mobile devices has been questioned in a Cochrane review (28). Increased numbers of error prompts could be useful, considering that the option to leave questions unanswered is regarded as a relevant matter of choice (17, 29).

In the medical context, apps are typically used for quantified self-reported data, self-management programs (e.g., for maternal health behaviour and maternal and infant health), companion apps, or as apps for other interventions (e.g., nutrition and smoking cessation) (30–32). Although it has recently been reported that medical app use in patients with rheumatic disease in Germany is quite low, more than 97% of the patients conveyed that they would consent to share their mobile app data for research purposes (33). Thinking this through further, this could provide an opportunity to include this “new” type of data in the Rhekiss register to provide health services research with relevant information on mobility and physical activity during pregnancy in women with IRDs.



LIMITATIONS

Our data represent data from Germany only; studies on the use of mobile devices in larger and international cohorts are warranted, especially when used in populations with very different characteristics, e.g., in more rural regions or regions with social or economic marginalisation. Our patients already showed a broad spectrum of disease severity, but more data from patients considering disease activity and/or assessments of functional limitations (that are, however, hardly validly assessable in pregnancies) are warranted as, e.g., active arthritis may limit the use of mobile devices. We do not have direct feedback from patients, e.g., regarding the highly relevant issue of user experience with our web-based system, which highlights the need for further elaborations to optimise our modern register app and, thus, to reduce potential technical barriers to ameliorate safety of mother and child. Since user experience (UX) is considered a relevant performance indicator of today's eHealth evaluations and has been applied in rheumatology (34, 35), one aspect of our research should also focus on UX evaluations of the Rhekiss-app. The implementation of these results could lead to user-relevant modifications (e.g., better graphical interfaces and display of forms).

It should be noted that our analyses look at the first implemented version of the app. Thus, based on the present data, we now explore options for further development of the Rhekiss-app with the technical partners to optimise data collection further. In addition, it may be useful to offer an online tutorial as a training opportunity for patients as due to legal obligations only caring physicians can get in touch with them directly.



CONCLUSIONS

Apart from still ongoing hardware and software developments and other technological achievements, web-based apps for observational cohorts and/or future (joined) registries need to take requirements and developments for mobile devices into account. Especially young, mobile patients with IRD valued the opportunity of mobile entry of patient-reported data. Mobile data entry was preferred in most IRD diagnoses and independent of the module allocation. However, it needs to be considered that the mobile approach may have an impact on data quality and concepts for improving data quality should be implemented. It is, therefore, necessary to continue the incessant evaluation of digital apps, also with regard to the validity of the data collected. Rheumatology professionals, patients, and all other relevant stakeholders need to be engaged to effectively incorporate the new tools at the points of care and in the context of remote patient management, and in clinical register research.



DATA AVAILABILITY STATEMENT

The data supporting the conclusions of this article are available on reasonable request by the authors.



ETHICS STATEMENT

The study involving human participants was reviewed and approved by the Ethics Committee of Charité University Medicine Berlin (EA1/0757/15, date 31st March 2015) and the Medical Faculty Heinrich Heine University Duesseldorf (internal number 5114). The patients provided their written informed consent to participate in the register.



AUTHOR CONTRIBUTIONS

CB, RF-B, JR, AS, MS, AW, and AZ designed, performed, analysed the study, drafted the manuscript, and analysed the data. All authors contributed to the manuscript, read and approved the submitted version, confirm being the sole contributors of this study, and have approved it for publication.



FUNDING

Rhekiss was established and maintained with financing from the DRFZ in Berlin and from the Rheumazentrum Rhein-Ruhr e.V.



ACKNOWLEDGMENTS

The register and the corresponding mobile app were implemented with software developments from Serrala Cloud Solutions GmbH, Berlin (Germany) and Tivian XI GmbH, Köln (Germany). The authors would like to thank all physicians and personnel involved in the documentation of the cases and of course all our patients engaged in our register and the scientific advisory board of the register for their support of the project. Members of the scientific advisory board are Dr. Susanna Späthling-Mestekemper (Munich, Germany), Dr. Cornelia Glaser (Freiburg, Germany), Prof. Dr. Jörg Henes (Tuebingen, Germany), and Prof. Dr. Christof Specker (Essen, Germany). In addition, the Rhekiss team is grateful for the support of Dr. Joachim Listing (formerly statistician at the DRFZ) for his valuable input when setting up the register. We thank Tanja Ellmann and Tatjana Rudi (both Rhekiss team at DRFZ) for their dedication and enthusiasm. We thank Dr. Arnd Becker (Offenburg, Gengenbach, Germany) and PD Dr. Gamal Chehab (Policlinic for Rheumatology and Hiller Research Unit for Rheumatology, Medical Faculty, HHUD, University Clinic Duesseldorf, Germany) for critical reviews of the manuscript.



REFERENCES

 1. Götestam Skorpen C, Hoeltzenbein M, Tincani A, Fischer-Betz R, Elefant E, Chambers C, et al. The EULAR points to consider for use of antirheumatic drugs before pregnancy, and during pregnancy and lactation. Ann Rheum Dis. (2016) 75:795–810. doi: 10.1136/annrheumdis-2015-208840

 2. Andreoli L, Bertsias GK, Agmon-Levin N, Brown S, Cervera R, Costedoat-Chalumeau N, et al. EULAR recommendations for women's health and the management of family planning, assisted reproduction, pregnancy and menopause in patients with systemic lupus erythematosus and/or antiphospholipid syndrome. Ann Rheum Dis. (2017) 76:476–85. doi: 10.1136/annrheumdis-2016-209770

 3. Tani C, Zucchi D, Haase I, Larosa M, Crisafulli F, Strigini FAL, et al. Are remission and low disease activity state ideal targets for pregnancy planning in Systemic Lupus Erythematosus? A multicentre study. Rheumatol Oxf Engl. (2021) keab155. doi: 10.1093/rheumatology/keab155. [Epub ahead of print].

 4. Rajendran A, Eudy AM, Balevic SJ, Clowse MEB. The importance of pregnancy planning in lupus pregnancies. Lupus. (2021) 30:741–51. doi: 10.1177/0961203321989803

 5. Meissner Y, Fischer-Betz R, Andreoli L, Costedoat-Chalumeau N, De Cock D, Dolhain RJEM, et al. EULAR recommendations for a core data set for pregnancy registries in rheumatology. Ann Rheum Dis. (2021) 80:49–56. doi: 10.1136/annrheumdis-2020-218356

 6. Fischer-Betz R, Bungartz C, Schneider M, Richter J, Weiss A, Zink A, et al. Pregnancy Outcome in Patients with SLE Compared to Patients with Other Inflammatory Rheumatic Diseases: Real World Data from a Prospective Pregnancy Register [Internet]. ACR Meeting Abstracts. Available online at: https://acrabstracts.org/abstract/pregnancy-outcome-in-patients-with-sle-compared-to-patients-with-other-inflammatory-rheumatic-diseases-real-world-data-from-a-prospective-pregnancy-register/ (accessed August 30, 2021). 

 7. WHO. WHO Guideline: Recommendations on Digital Interventions for Health System Strengthening. WHO. World Health Organization. Available online at: http://www.who.int/reproductivehealth/publications/digital-interventions-health-system-strengthening/en/ (accessed August 9, 2021). 

 8. Frøen JF, Myhre SL, Frost MJ, Chou D, Mehl G, Say L, et al. eRegistries: electronic registries for maternal and child health. BMC Pregnancy Childbirth. (2016) 16:11. doi: 10.1186/s12884-016-0801-7

 9. Khamisy-Farah R, Furstenau LB, Kong JD, Wu J, Bragazzi NL. Gynecology meets big data in the disruptive innovation medical era: state-of-art and future prospects. Int J Environ Res Public Health. (2021) 18:5058. doi: 10.3390/ijerph18105058

 10. Rahman A, Friberg IK, Dolphyne A, Fjeldheim I, Khatun F, O'Donnell B, et al. An electronic registry for improving the quality of antenatal care in Rural Bangladesh (eRegMat): protocol for a cluster randomized controlled trial. JMIR Res Protoc. (2021) 10:e26918. doi: 10.2196/26918

 11. Goulet ND, Liu H, Petrone P, Islam S, Glinik G, Joseph DK, et al. Smartphone application alerts for early trauma team activation: millennial technology in healthcare. Surgery. (2021) S0039-6060(21)00532-8. doi: 10.1016/j.surg.2021.05.047. [Epub ahead of print].

 12. Gossec L, Paternotte S, Aanerud GJ, Balanescu A, Boumpas DT, Carmona L, et al. Finalisation and validation of the rheumatoid arthritis impact of disease score, a patient-derived composite measure of impact of rheumatoid arthritis: a EULAR initiative. Ann Rheum Dis. (2011) 70:935–42. doi: 10.1136/ard.2010.142901

 13. Albrecht K, Callhoff J, Zink A. Long-term trends in rheumatology care: Achievements and deficits in 25 years of the German national rheumatology database. Z Rheumatol. (2019) 78:703–12. doi: 10.1007/s00393-019-0680-1

 14. Herz A. Transnationalisierung sozialer Lebenswelten junger Erwachsener durch Mobilität? Soz Extra. (2020) 44:66–70. doi: 10.1007/s12054-020-00259-6 

 15. Hodgson S, Shirley M, Bythell M, Rankin J. Residential mobility during pregnancy in the north of England. BMC Pregnancy Childbirth. (2009) 9:52. doi: 10.1186/1471-2393-9-52

 16. Statista. Smartphones - Penetrationsrate in Deutschland nach Altersgruppe. (2019). Available online at: https://de.statista.com/statistik/daten/studie/459963/umfrage/anteil-der-smartphone-nutzer-in-deutschland-nach-altersgruppe/ (accessed December 31, 2020). 

 17. Richter JG, Nannen C, Chehab G, Acar H, Becker A, Willers R, et al. Mobile App-based documentation of patient-reported outcomes - 3-months results from a proof-of-concept study on modern rheumatology patient management. Arthritis Res Ther. (2021) 23:121. doi: 10.1186/s13075-021-02500-3

 18. Stangl S, Haas K, Eichner FA, Grau A, Selig U, Ludwig T, et al. Development and proof-of-concept of a multicenter, patient-centered cancer registry for breast cancer patients with metastatic disease-the ‘Breast cancer care for patients with metastatic disease' (BRE-4-MED) registry. Pilot Feasibility Stud. (2020) 6:11. doi: 10.1186/s40814-019-0541-3

 19. Byrom B, Doll H, Muehlhausen W, Flood E, Cassedy C, McDowell B, et al. Measurement equivalence of patient-reported outcome measure response scale types collected using bring your own device compared to paper and a provisioned device: results of a randomized equivalence trial. Value Health J Int Soc Pharmacoeconomics Outcomes Res. (2018) 21:581–9. doi: 10.1016/j.jval.2017.10.008

 20. Zarghom S, Di Fonzo D, Leung F-H. Does socioeconomic status affect patients' ease of use of a touch-screen (ipad) patient survey? Interact J Med Res. (2013) 2:e1. doi: 10.2196/ijmr.2314

 21. Digital Inequality and Low-Income Households | HUD USER. Available online at: https://www.huduser.gov/portal/periodicals/em/fall16/highlight2.html (accessed August 30, 2021). 

 22. Ventura AK, Levy J, Sheeper S. Maternal digital media use during infant feeding and the quality of feeding interactions. Appetite. (2019) 143:104415. doi: 10.1016/j.appet.2019.104415

 23. Bogale B, Mørkrid K, O'Donnell B, Ghanem B, Abu Ward I, Abu Khader K, et al. Development of a targeted client communication intervention to women using an electronic maternal and child health registry: a qualitative study. BMC Med Inform Decis Mak. (2020) 20:1. doi: 10.1186/s12911-019-1002-x

 24. Najm A, Nikiphorou E, Kostine M, Richez C, Pauling JD, Finckh A, et al. EULAR points to consider for the development, evaluation and implementation of mobile health applications aiding self-management in people living with rheumatic and musculoskeletal diseases. RMD Open. (2019) 5:e001014. doi: 10.1136/rmdopen-2019-001014

 25. BfArM - Digitale Gesundheitsanwendungen (DiGA). Available online at: https://www.bfarm.de/DE/Medizinprodukte/DVG/_node.html (accessed June 30, 2021). 

 26. Bundesgesundheitsministerium. Digitale-Gesundheitsanwendungen-Verordnung (DiGAV). Bundesgesundheitsministerium. Available online at: https://www.bundesgesundheitsministerium.de/service/gesetze-und-verordnungen/guv-19-lp/digav.html (accessed June 30, 2021). 

 27. EUR-Lex - 02017R0745-20170505 - EN - EUR-Lex. Available online at: https://eur-lex.europa.eu/legal-content/DE/TXT/?uri=CELEX%3A02017R0745-20170505 (accessed August 9, 2021). 

 28. Palmer MJ, Henschke N, Bergman H, Villanueva G, Maayan N, Tamrat T, et al. Targeted client communication via mobile devices for improving maternal, neonatal, and child health. Cochrane Database Syst Rev. (2020) 8:CD013679. doi: 10.1002/14651858.CD013679

 29. Bischoff-Ferrari HA, Vondechend M, Bellamy N. Theiler R. Validation and patient acceptance of a computer touch screen version of the WOMAC 31 osteoarthritis index. Ann Rheum Dis. (2005) 64:80–4. doi: 10.1136/ard.2003.019307

 30. Seppen BF, den Boer P, Wiegel J, Ter Wee MM, van der Leeden M, de Vries R, et al. Asynchronous mHealth interventions in rheumatoid arthritis: systematic scoping review. JMIR MHealth UHealth. (2020) 8:e19260. doi: 10.2196/19260

 31. Domańska B, Vansant S, Mountian I. A companion app to support rheumatology patients treated with certolizumab pegol: results from a usability study. JMIR Form Res. (2020) 4:e17373. doi: 10.2196/17373

 32. Maslowsky J, Frost S, Hendrick CE, Trujillo Cruz FO, Merajver SD. Effects of postpartum mobile phone-based education on maternal and infant health in Ecuador. Int J Gynaecol Obstet Off Organ Int Fed Gynaecol Obstet. (2016) 134:93–8. doi: 10.1016/j.ijgo.2015.12.008

 33. Knitza J, Simon D, Lambrecht A, Raab C, Tascilar K, Hagen M, et al. Mobile health usage, preferences, barriers, and ehealth literacy in rheumatology: patient survey study. JMIR MHealth UHealth. (2020) 8:e19661. doi: 10.2196/19661

 34. Hinderks A, Schrepp M, Domínguez Mayo FJ, Escalona MJ, Thomaschewski J. Developing a UX KPI based on the user experience questionnaire. Comput Stand Interfaces. (2019) 65:38–44. doi: 10.1016/j.csi.2019.01.007 

 35. Richter JG, Chehab G, Schwartz C, Ricken E, Tomczak M, Acar H, et al. The PICASO cloud platform for improved holistic care in rheumatoid arthritis treatment-experiences of patients and clinicians. Arthritis Res Ther. (2021) 23:151. doi: 10.1186/s13075-021-02526-7

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher's Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2021 Richter, Weiß, Bungartz, Fischer-Betz, Zink, Schneider and Strangfeld. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fmed-08-773836-t003.jpg
Self-reported health status (one item)
Complete

Not filled in

RAID (4 iterns)

Complete

Filed in partially

Not filled in

Desktop n (%)

1,744 (88.3)
232 (11.7)

1,731 (87.6)
10.1)
244 (12.9)

Mobile n (%)

2,287 (86.0)
372 (14.0)

2,57 (84.9)
903
393 (14.8)

Total n (%)

4,031(87.0)
604 (13.0)

3,988 (86.0)
10(02)
637 (13.7)

p-value

0.025

0.009





OPS/images/fmed-08-773836-t001.jpg
Desktop Mobile Total

Questionnaires, n (%) 1,976 (42.6) 2,659 (57.4) 4,635
Module

Child wish n (%) 262 (37.2) 442 (62.8) 704
Pregnancy n (%) 836 (42.2) 1,147 (57.9) 1,983
Post-partum 1 (%) 878 (45.1) 1,070 (64.9) 1,948
Diagnosis

Rheumatoid arthritis 1 (%) 557 (39.6) 849 (60.4) 1,406
Systemic lupus erythematosus 1 (%) 379 (45.9) 447 (54.1) 826
Other connective tissue diseases (%) 335 (43.4) 437 (56.6) 772
Other Spondyloarthritis n (%) 277 (38.7) 438 (61.3) 715
Juvenile idiopathic arthritis n (%) 131 (43.2) 172 (66.8) 308
Psoriatic arthritis n (%) 146 (53.9) 125 (46.1) 271
Vasculitis n (%) 109 (49.1) 113 (50.9) 222
Autoinflammatory syndroms 1 (%) 42(35.0) 78 (65.0) 120
Age at questionnaire submit, mean (SD) 342 (3.9) 33.1 (4.1) 33.6 (4.1)
Age at questionnaire submit, n (%)

<80 years 334 (32.1) 707 (67.9) 1,041
31-40 years 1,550 (45.6) 1,850 (54.4) 3,400
>41 years 92 (47.4) 102 (62.6) 194
Patients, n (%) 412 (44.5) 514 (55.5) 926
Number of questionnaires per patient, mean (SD) 2.1@.1) 29(3.4) 5(35)
Severity of disease (physician based), n (%)

Asymptomatic 28(8.4) 4107) 69
Mid 116(34.8) 139 (32.9) 255
Moderate 145 (43.5) 187 (44.3) 332
Severe/very severe 44(13.2) 55 (13.0) 99
Self-reported education, n (%)

Secondary schoal level of less 70(20.8) 140 (37.6) 210
University entrance diploma 266 (79.2) 282 (62.4) 498
Pregnancies, n 230 (43.6) 297 (56.4) 527
Breast feeding, n (%)

Yes 157 (82.2) 211 (74.6) 368

No 34(17.8) 72 (25.4) 108





OPS/images/fmed-08-773836-t002.jpg
Time point of the patient Patient questionnaire Before implementation of the After implementation p-value

questionnaire submitted app of the app
n (%) n (%)

First trimester Yes 411 (75.1) 452 (77.0) 0.462
No 136 (24.9) 210(23.0)

Second trimester Yes 336 (77.6) 381 (78.7) 0,682
No 97 (22.4) 166 (21.3)

Third trimester Yes 270(73.2) 357 (73.9) 0.965
No 99(26.8) 208 (26.7)

3 months post-partum Yes 139 (66.0) 257 (60.0) 0.309
No 109 (44.0) 289 (40.0)

6 months post-partum Yes 84(56.0) 242 (64.7) 0,083
No 66 (44.0) 226 (35.9)

12 months post-partum Yes 48(44.9) 227 (67.2) 0.023

No 59 (55.1) 271 (42.8)





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Mobile Responsive App—A Useful Additional Tool for Data Collection in the German Pregnancy Register Rhekiss?



		Introduction



		Materials and Methods



		Results



		Discussion



		Limitations



		Conclusions



		Data Availability Statement



		Ethics Statement



		Author Contributions



		Funding



		Acknowledgments



		References

















OPS/images/cover.jpg
’ frontiers
in Medicine

Mobile Responsive App—A Useful
Additional Tool for Data Collection in
the German Pregnancy Register
Rhekiss?





OPS/images/fmed-08-773836-g001.gif
(o] §

i) (o3 ) oo o [ ) [ [ [ ] | o [ 5]
[amseve]| (o Jon Jon [om]on ][ n [ = | » Jjfufs] 2 | » [ =]

o ekt ey e o





OPS/images/fmed-08-773836-g002.gif
E I I ]
[ S










OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
, frontiers
in Medicine





