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Background: Consumer-grade fitness trackers offer exciting opportunities to study persons with chronic diseases in greater detail and in their daily-life environment. However, attempts to bring fitness tracker measurement campaigns from tightly controlled clinical environments to home settings are often challenged by deteriorating study compliance or by organizational and resource limitations.



Objectives: By revisiting the study design and patient-reported experiences of a partly remote study with fitness trackers (BarKA-MS study), we aimed to qualitatively explore the relationship between overall study compliance and scalability. On that account, we aimed to derive lessons learned on strengths, weaknesses, and technical challenges for the conduct of future studies.



Methods: The two-phased BarKA-MS study employed Fitbit Inspire HR and electronic surveys to monitor physical activity in 45 people with multiple sclerosis in a rehabilitation setting and in their natural surroundings at home for up to 8 weeks. We examined and quantified the recruitment and compliance in terms of questionnaire completion and device wear time. Furthermore, we qualitatively evaluated experiences with devices according to participants' survey-collected reports. Finally, we reviewed the BarKA-MS study conduct characteristics for its scalability according to the Intervention Scalability Assessment Tool checklist.



Results: Weekly electronic surveys completion reached 96%. On average, the Fitbit data revealed 99% and 97% valid wear days at the rehabilitation clinic and in the home setting, respectively. Positive experiences with the device were predominant: only 17% of the feedbacks had a negative connotation, mostly pertaining to perceived measurement inaccuracies. Twenty-five major topics and study characteristics relating to compliance were identified. They broadly fell into the three categories: “effectiveness of support measures”, “recruitment and compliance barriers”, and “technical challenges”. The scalability assessment revealed that the highly individualized support measures, which contributed greatly to the high study compliance, may face substantial scalability challenges due to the strong human involvement and limited potential for standardization.



Conclusion: The personal interactions and highly individualized participant support positively influenced study compliance and retention. But the major human involvement in these support actions will pose scalability challenges due to resource limitations. Study conductors should anticipate this potential compliance-scalability trade-off already in the design phase.
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1. Introduction

Mobile health (mHealth) describes the use of mobile devices, such as mobile phones and wearables, to collect health data to support and promote population wellness, but also for disease prevention, diagnosis, and management (1–4). Wearable devices such as consumer-grade fitness trackers offer continuous, passive, and inconspicuous collection of real-world data over a prolonged period of time (4, 5). Attractive key features of fitness trackers include the broad data collected by standard devices, ranging from physical activity (PA) levels and step counts to heart rate and sleep patterns (4, 6) as well as the high temporal measurement resolution. Therefore, such devices harbor great potential to facilitate a deeper understanding of complex disease expressions and phenotypes (5, 7).

In light of these potential advantages, there is a growing interest in using consumer-grade fitness trackers for health research (8), particularly in the field of multiple sclerosis (MS) (9, 10). Several characteristics of MS and its affected population lend themselves well as an interesting target for wearable device-based studies and disease management approaches. MS onset commonly occurs between 20 and 40 years of age, thus affecting age groups who are potentially well versed in electronic devices (9). Furthermore, the complex disease course of MS over decades with sometimes subtle but continuous symptom changes requires long-term continuous monitoring (11). A further hallmark feature of MS is the very heterogeneous symptom onset and presentation, which requires complex disease management strategies including different health care providers and treatment types (5, 12). Several very frequent symptoms such as gait impairment or fatigue are also suitable for monitoring with standard fitness trackers (13). In recent years, high-intensity PA has garnered attention as a potential means for improving health functioning and mitigating MS-related symptoms such as fatigue (14, 15).

However, consumer-wearables use in routine care settings at scale and over long time periods is still in its infancy (16–21), particularly in the domain of MS disease management (22). In the literature, the concept of “scalability” is defined as “deliberate efforts to increase the impact of successfully tested health interventions so as to benefit more people and to foster policy and program development on a lasting basis” (23). Scalability is a multifactorial concept and is influenced by numerous aspects that include the implementation context, evidence of effectiveness and cost-effectiveness, characteristics of the target population, as well as properties of the digital health tool or intervention to be implemented (24). These and other factors also form the foundation for the Intervention Scalability Assessment Tool (ISAT) tool that notably examines implementation and scale-up potential on five axes: (1) “fidelity and adaptation”, (2) “reach and acceptability”, (3) “delivery setting and workforce”, (4) “implementation infrastructure”, and (5) “sustainability” (24). The ISAT tool, along with similar other checklists (25), helps to assess the readiness interventions for a later scale-up.

In light of these scalability challenges, we developed the Barriers to physical activity in people with MS (BarKA-MS; https://clinicaltrials.gov/ct2/show/study/NCT04746807) fitness tracker study to explore barriers to PA among people with MS (PwMS) who returned home after an inpatient rehabilitation stay. The primary and secondary endpoints of the BarKA-MS study (analyzed elsewhere) explored common barriers to PA among PwMS and investigated the quality, reliability, internal consistency, and validity of PA metrics derived from a consumer-grade wearable device (26). A further analysis concerns the evaluation of the impact of inpatient rehabilitation on walking ability, PA and the perception of obstacles to PA, self-efficacy, fatigue, depression, pain, and health-related quality of life (Sieber et al., unpublished data, 2022).

The present analysis focuses on procedural aspects of the Barka-MS study and endeavors to provide a general assessment of the scalability of the BarKA-MS study design from the perspective of a later scale-up to a larger population and a longer follow-up duration. It aims to critically examine the scalability of key features of our BarKA-MS study by (1) analyzing study recruitment and factors associated with study recruitment and onboarding, (2) assessing study procedures adherence and data quality, (3) exploring participant usability experiences in wearing a consumer-grade fitness tracker, and (4) by deriving lessons learned and detecting room for improvement. These analyses used the ISAT scalability checklist for guidance (24).



2. Methods


2.1. The BarKA-MS study

The BarKA-MS study was an observational, longitudinal cohort study using consumer-grade fitness trackers, with the goal to monitor general PA during and after an inpatient rehabilitation stay among PwMS, as well as to identify PA barriers and facilitators (Table 1; https://clinicaltrials.gov/ct2/show/NCT04746807). This study was a collaboration between a research team from the University of Zurich, Switzerland, and the Kliniken Valens, a rehabilitation clinic specialized in neurological diseases located in Valens, Switzerland.


TABLE 1 Schedule of assessments throughout the BarKA-MS study.
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The BarKA-MS study consisted of two phases (Table 1 and Supplementary Appendix Figure AS1): the first phase involved the recruitment and in-patient rehabilitation stay (1–4 weeks) of the study participants in the Kliniken Valens, and the second phase concerned the 4-weeks follow-up at the participants' home starting immediately after discharge. Sample size determination is available in the Supplementary Appendix (Methods Appendix – S1.2. Sample Size Determination for the BarKA-MS Study).

After successful recruitment including a signed written informed consent, study participants were invited to an introductory session with an on-site study coordinator from the Kliniken Valens. During this 1-hour session, the study coordinator provided the study participants with a Fitbit Inspire HR device, helped them install the corresponding Fitbit application on their phone, log in to their pre-configured and pseudonymized Fitbit account, and to pair the Fitbit tracker with the Fitbit application via Bluetooth. To minimize a co-intervention effect of the Fitbit device, alerts were turned off, the daily goals set to a minimum, and the app home screen was customized to only display sleep and heart rate. Nevertheless, step counts were still visible on the device screen and individuals had access to the Fitbit app.

Next, the on-site study coordinator created a participant account on the web-based Research Management Information System (RMIS) study survey platform (27), and completed the baseline questionnaire with the participant. Study participants received weekly invitations to a short survey, thus requiring them to access their emails via their mobile phone. A description of the survey instruments and physical capacity assessment tools is provided in the Supplementary methods of the Appendix (Methods Appendix – S1.3. Instruments).

During their rehabilitation stay, study participants had regular contact with and were supported by the on-site study coordinator. Once study participants returned to their home setting, the research team from the University of Zurich was available to provide remote support via emails, phone calls, and text messages. The study research team maintained logs of participant contacts and the technical or operational problems encountered during the study (hereafter “support log”).



2.2. Participants and recruitment

The BarKA-MS study aimed for a target recruitment goal of 45 participants. Study recruitment started in early January 2021 and ended at the end of September 2021. Data collection continued until mid-November 2021.

PwMS who were at Kliniken Valens for an in-patient rehabilitation stay were screened upon arrival and consecutively recruited by an on-site study coordinator. To be eligible for participation, these persons had to (1) be aged 18 years or older, (2) have a confirmed diagnosis of relapsing or progressive MS, (3) have an Expanded Disability Status Scale (EDSS) score of 2.0–6.5 (i.e., with reduced walking ability but are still able to walk independently with or without an assistive device), and not use a wheelchair at home, (4) be able to answer the surveys in German, (5) own a personal computer, a tablet or a mobile phone with Bluetooth and Wi-Fi functionalities, and (6) be willing to participate. Additional exclusion criteria were applied, namely, the inability to complete the baseline questionnaire, operate the consumer-grade wearable device and its application, or to engage safely in PA.



2.3. Wearable device measurements

In our observational study, Fitbit trackers were employed as an instrument to observe physical activity in real-life settings. They were not tied to or intended to act as an intervention. All participants received a Fitbit Inspire HR device. They were allowed to keep the device upon study completion, but no other incentive was provided. The metrics of interest monitored by this tracker were step count, PA intensity, and heart rate extracted in one-minute epochs. Additional metrics, such as energy expenditure, sleep duration and quality were also evaluated by this device. GPS functionality was deactivated by the study research team. Fitbit accounts were connected with Fitabase (Small Steps Labs LLC., CA. USA), a data management portal for studies using wearables. Study participants were asked to wear the Fitbit on their non-dominant wrist during the day for at least ten hours, and optionally during the night, throughout the study duration. A valid wear day corresponded to at least 10 h of wear per day between 6:00 a.m. and 11:00 p.m.

In addition, the study participant wore an Actigraph GT3X (Manufacturing Technology, Inc., FL, USA), a three-dimensional accelerometer validated for PwMS (28, 29), on their non-dominant hip during their last week of rehabilitation and the first week back home. These data were published elsewhere (26, 30).



2.4. Statistical analysis

Our analysis included eligible individuals who had completed the study (dropouts were not included). Device data from discharge days were excluded from the analyses.

Descriptive statistics were used for the characterization of the study participants and for the evaluation of the completeness of the collected data. Study characteristics included demographics, health, and additional baseline information (i.e., change in PA level, barriers to PA, PA level, walking ability, fatigue, self-efficacy, depression, general health, pain, walking endurance, walking speed, balance and dynamic functional mobility). Continuous data were analyzed by medians and interquartile ranges (IQR) and categorical information by frequency counts and percentages (%). The statistical analyses were conducted in R, version 4.0.3 (31) using the RStudio environment, version 1.4.1103 (32).

Compliance with study procedures was assessed by calculating percentages of weekly survey completion, the proportion of completed surveys per individual (cross-tables in Supplementary Appendix Table AS1), and by the number of days between survey invitation and completion (Figure 1). Sufficient device wear time, defined as at least 10 h of wear time between 6:00 a.m. and 11:00 p.m., was computed and compared before and after rehabilitation stay discharge (Supplementary Appendix Table AS2). Details on the further processing of the PA tracker data in the BarKA-MS study can be found elsewhere (26).
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FIGURE 1
Time elapsed between the invitation and completion of the different surveys study participants had to complete on their own. The “baseline” and “end of rehabilitation” surveys were completed together with the person of contact in the rehabilitation clinic and are therefore not displayed. Due to technical issues, twice a survey was completed a day before the invitation was sent out (“Rehab: 2nd week” and “Rehab: 3rd week”). * Three outliers were not displayed for readability reasons. The values of these outliers were 26, 39, and 46 days.


Study participants also provided regular feedback on device experiences in the free text comment fields of the weekly surveys. These free text data consisted mostly of some brief sentences or keywords in German and were examined by use of a word cloud (for the time periods before and after discharge separately). To this end, the free-text entries were manually cleaned and spell-checked. The entries originally written in German were translated into English by DeepL Pro (33). All preprocessing steps were conducted in R, version 4.0.3 (31) using the RStudio environment, version 1.4.1103 (32). The translated texts were assigned parts of speech using the R package “udpipe”, version 0.8.9 (34, 35), subsequently adjectives, nouns, and verbs were extracted, and the remaining words were lemmatized. Key words appearing at least three times in all text entries were visualized as a word cloud using the R package quanteda, version 3.0.0 (36). In addition, the frequency with which each word occurred was examined visually through bar plots created with the R package ggplot2, version 3.3.5 (Supplementary Appendix Figures AS2, AS3).



2.5. Qualitative analysis of support logs

Finally, the support logs maintained by the study research team were reviewed, and entries were manually grouped into five scalability challenge domains based on the ISAT checklist according to their content (Supplementary Appendix Table AS5, Part B). In addition, the scalability of each support log observation was qualitatively assessed for potential scalability according to the ISAT scales: no scalability, to a small extent, somewhat, and to a large extent. The grouping and scalability assessment was performed by the first author and reviewed by the last author.




3. Results


3.1. Recruitment, attrition, and study participants


3.1.1. Recruitment and attrition

Recruitment occurred between January and September 2021. During that period, 141 PwMS attended the rehabilitation clinic in Valens and were screened for study participation eligibility (Figure 2). Among these persons, 81/141 (57.4%) were eligible, and from these 47/81 (58.0%) wished to participate and were enrolled. Of the persons not meeting the inclusion criteria, 23/60 (38.3%) did not meet the EDSS score requirements (Supplementary Appendix Table AS3). Of the enrollees, 2/47 (4.3%) dropped out for reasons unrelated to the study and disease level. One person, with an EDSS of 2.5, left the rehabilitation program early and the second person with an EDSS of 5, attended a second rehabilitation clinic almost immediately after returning home. In total, 45/47 persons (95.7%) completed the BarKA-MS study and remained in the study for 7 weeks (range 6–8 weeks) on average.


[image: Figure 2]
FIGURE 2
Flow chart of the study population. In total, 141 persons were assessed for eligibility, 47 were enrolled, and the data of 45 persons were analyzed. Unmet inclusion criteria and the reasons for declining study participation are presented in Supplementary Table AS3.




3.1.2. Study participant characteristics

Of the study completers, 29/45 (64.4%) were female and 19/45 male (35.6%) (Table 2; characteristics of non-eligible persons and dropouts are shown in Supplementary Appendix Table AS4). The median age was 46 [interquartile range (IQR) 40–51] years, and 34/45 (75.6%) of the participants had Swiss nationality. All participants were below the retirement age of 64 years for women and 65 years for men in Switzerland. Of the participants, 18/45 (40%) were not working, 17/45 (37.8%) were working 50% or less, 5/45 (11.1%) were working part-time but more than 50%, and 5/45 (11.1%) were working full-time. The majority of participants either had secondary-progressive MS (19/45, 42.2%) or relapsing-remitting MS (18/45, 40%). The median disease duration (measured from diagnosis) was 11 years (IQR 5–21). The EDSS distribution was as follows: 13/45 (28.9%) had an EDSS ≤3.5, 19/45 (42.2%) had an EDSS between 4.0 and 5.5, and 13/45 (28.9%) had an EDSS ≥ 6.0.


TABLE 2 Demographic and health characteristics, as well as baseline assessments of the study participants (n = 45).
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Overall, 27/45 (60%) of the study participants stated they decreased their level of PA and 15/45 (33.3%) stated they increased their level of PA after the MS diagnosis. At study enrollment, participants reported a median of 155 (IQR 90–240) daily active minutes in the last 7 days (including the pre-rehabilitation period) in the International Physical Activity Questionnaire—Short Form questionnaire (encompassing walking, moderate, and intense PA. In total, 26/45 (57.8%) of the participants presented with moderate to severe fatigue.




3.2. Adherence to study procedures


3.2.1. Survey completion

Overall, 342/354 (96.6%) of the surveys sent out were completed on time (i.e., latest 2 days before the completion of the next survey). Among the study participants, 35/45 (77.8%) had a completion rate of 100% (Supplementary Appendix Table AS1), while 8/45 (17.8%) missed one survey, and 2/45 (4.4%) missed two surveys. For the latter two participants, the lower compliance was also a consequence of a technical problem in the survey platform hindering the sending of invitations to complete the questionnaires.

Completion of the weekly surveys ranged between 89% and 100% during the rehabilitation phase and between 96% and 100% during the phase back home (Supplementary Appendix Table AS1).

Furthermore, the majority of participants responded promptly to survey invitations, as illustrated by median times of 0 or 1 day elapsed between the invitation and completion of the different surveys in all study phases (Figure 1).



3.2.2. Fitbit wear time

During the rehabilitation stay, on 99% (range: 87% to 100%) of the days, the Fitbit was worn for at least 10 h between 6:00 a.m. and 11:00 p.m., corresponding to a valid wear day (Supplementary Appendix Table AS2). In the home setting, 97% (range: 62% to 100%) of all days were valid wear days (Supplementary Appendix Table AS2). Furthermore, during the rehabilitation stay, 37/45 (82.2%) participants reached 100% valid wear days as compared to 25/45 (55.6%) persons in the home setting phase.




3.3. User experiences with devices

The weekly surveys repeatedly queried study participants about their experience with activity trackers during the past week, both during the inpatient stay and in the home setting. During the rehabilitation phase, 107 answers were captured, which most frequently made references to “step”, “sleep”, and “good” (Figure 3A and Supplementary Appendix Figure AS2), with more than 20 mentions each. The contextual use of these words is illustrated in Table 3 by showing exemplar participant statements that were predominantly positive. In addition, 142 statements were collected during the home phase, with almost identical results. The three most common words were “step”, “good”, and “none”, followed by “sleep” (Figure 3B and Supplementary Appendix Figure AS3). Of note, the word “none” was used to express no new experiences since the inpatient phase. Exemplar statements by study participants are presented in Table 3.
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FIGURE 3
Word cloud of the words appearing at least three times in the weekly answers to the question “what was your experience with activity trackers this week?” asked during the rehabilitation phase (Panel A, n answers = 107) and during the home phase (Panel B, n answers = 142). See Supplementary Figures AS2,AS3 in the Supplementary Appendix for more details about the frequency of the words.



TABLE 3 The three most frequent keywords used by the study participants in the answers given during the rehabilitation phase or the phase back home to the question “what was your experience with activity trackers this week?” together with answer extracts.
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In total, 42/249 (16.9%) non-empty survey entries had a negative connotation and were referring to problems such as measurement inaccuracies (30 mentions), reduced wear comfort (e.g., during the night or due to skin rash, 6 mentions), and other miscellaneous difficulties such as unintuitive user interface or data loss.



3.4. Review of support logs, lessons learned, and scalability

A summary of identified challenges, facilitating factors, and lessons learned from the support logs are presented in Table 4. Additionally, each of the identified points was cross-referenced with the suitable five axes of the ISAT scalability checklist (Supplementary Appendix Table AS5, Part B). In total, we identified 25 such topics, which we classified into “Effectiveness of support measures” (mostly referring to the ISAT axes 1 “fidelity and adaptation” and 4 “implementation infrastructure”), “Recruitment and compliance barriers” (ISAT axes 2 “reach and acceptability” and 3 “delivery setting and workforce”), and “Technical challenges” (ISAT axis 4 “implementation infrastructure”) in Table 4. We performed a qualitative assessment of the challenges encountered and our support for their potential scalability.


TABLE 4 Effectiveness of support measures, recruitment and compliance barriers, technical challenges, and lessons learned in the conduction of the BarKA-MS study and scalability potential.
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To broadly summarize, the successful execution of the BarKA-MS study was primarily based on three cornerstones. (1) The availability of a study coordinator on-site at the rehabilitation clinic enabled the building and maintaining of a trusting relationship between study participants and the research team, especially for the home setting phase. Indeed, 22/45 (48.9%) study participants were contacted via text message or phone call during the second study phase. The two main causes were the non-completion of a weekly survey after 2 days and the non-synchronization of the Fitbit tracker with the participant's mobile phone. (2) The close collaboration between on-site personnel at the clinic and the outside research team in designing the study led to an optimized workload distribution (according to individual strengths) and enabled an efficient collaboration between on-site study coordinators and the research team. (3) The use of well-accepted Fitbit devices, along with the onboarding procedures, pro-active remote monitoring, and remote support enabled participants to overcome technical challenges and enabled a positive experience with the Fitbit devices.

We also encountered some challenges along the way: (1) study recruitment was impaired by the COVID-19 pandemic and the summer holidays, thus requiring a longer overall recruitment period than initially envisioned. (2) Getting in contact with study participants posed some challenges as they rarely answered phone calls from an unknown number and multiple contact attempts were often needed, and (3) the remote study support turned out to be quite time-consuming due to a multitude of Fitbit usability challenges, including participants forgetting their password, needing support in restoring the app and device connection, as well as user errors.




4. Discussion

This analysis presents a recently conducted mHealth study of 45 PwMS who wore a consumer-grade fitness tracker device during 6–8 weeks —the BarKA-MS study. Our analysis critically examined study recruitment and participant compliance with study procedures, user experiences with the wearable devices, as well as the scalability of such an mHealth study.

In the BarKA-MS study, we attained an overall high recruitment fraction of about 58% (n = 47) among 81 eligible participants, and only two dropouts were registered. Also, we achieved a high completion of weekly surveys and a high daily fitness tracker wear time of over 90%. Additionally, study participants expressed a strong enthusiasm toward Fitbit use in the beginning and reported an increased motivation to be physically active. Last, we identified and cross-referenced 25 topics with the five axes of the ISAT checklist. A thorough onboarding, the creation of a trusting relationship, and participant support were important factors for study compliance, but support scalability is limited.

The inclusion criteria of the BarKA-MS study led to the a priori exclusion of a relatively large fraction of initially screened PwMS. In this regard, not matching the required EDSS range was the most restraining factor of the recruitment. That is, many persons attending the rehabilitation clinic were using wheelchairs and were therefore excluded due to the BarKA-MS study focus on daily step counts and PA. Among eligible persons, our recruitment fraction was about 10% higher than those reported in the literature (37).

Furthermore, in regard to study guidelines adherence and data quality, our study exposed comparatively high study compliance and retention. This contrasts with other reports of substantial study compliance issues in remote digital health studies already a few weeks into the study follow-up (38–40). In the BarKA-MS study, compliance was likely enhanced by the two-phase design of our study with onsite recruitment and onboarding, complemented by low-level remote support and pro-active monitoring for technical issues with devices and the study platform. Similar measures were also found to be effective by other studies (41).

In addition, several factors affected not only recruitment and onboarding, but also adherence and data quality. Our findings highlight the substantial demands on digital and health literacy for digital health study participation. Specifically, participants needed to be in possession of a compatible smartphone and have at least some basic digital literacy skills (e.g., for installing and utilizing apps). Indeed, several studies referred to the lack of knowledge about digital technologies by study participants and study personnel alike (9, 42, 43), and tool complexity (44, 45) as substantial barriers to technology adoption. One of these studies also made positive experiences with onboarding sessions for study participants and the availability of coaches and/or a support system for facilitating study participation (42). Our experiences further showed that language skills could pose an obstacle to recruitment and study task execution (with the surveys only being available in German). Study inclusion was further restricted by requiring the ability of self-ambulation, thus excluding PwMS who use a wheelchair at home and have a more advanced disease state. Compared with the national Swiss Multiple Sclerosis Registry, the population in the BarKA-MS study tended to be somewhat younger, but the proportions of primary and secondary progressive MS disease stages were even higher (46).

We further performed qualitative evaluations of the user experiences and feedbacks relating to Fitbit device satisfaction. In general, the qualitative assessment of survey-collected user experiences suggests the devices were well-liked and accepted, thus underscoring their potential for longer-term observations. Furthermore, several persons reported how the monitoring of steps, PA, or sleep provided motivation and enabled self-observations, which was also seen in other studies (12, 47, 48). Nevertheless, as the initial enthusiasm waned, some negative points became more apparent. Specifically, participants remarked inaccuracies in sleep assessments and step counts. Rarely, participants also mentioned technical issues, non-intuitive user interfaces, and wear discomfort during regular follow-up surveys and support calls.

Finally, we reviewed the support logs and summarized the technical issues and barriers, but also positive experiences with implemented support measures. Our review highlights two major aspects. A key finding from this review was that a well-designed, comprehensive onboarding and participant support system can contribute to greater study compliance, which was also noted by other studies (41). In the BarKA-MS study, especially the individualized onboarding sessions (#1, Table 4), the face-to-face contacts during the rehabilitation inpatient stay (#2), and close monitoring and individualized technical support (#3 and #4) were well received by participants. Other studies also found that compliance is likely associated with the number and duration of direct participant interactions (49). However, due to the essential involvement of the on-site study coordinator and the research team for remote support in the BarKA-MS study, these measures are not easily scalable. For example, technical training and onboarding at the beginning of recruitment can be streamlined to some extent by providing adequate training material. However, many of the support requests during the study required highly individualized problem solutions and time-consuming follow-ups.

The ISAT tool provided useful guidance for structuring and evaluating our study design with respect to future scalability. However, having primarily been developed for non-digital interventions, the ISAT tool does not entirely cover all scalability challenges identified by our study. For example, prospective users need adequate digital and health literacy skills (50), as well as the financial means to buy the devices (24). Such skills were not limited to the ability to use and manage electronic devices but also included understanding and processing information and general health literacy to be able to follow study instructions (50). These and other accessibility hurdles were addressed in the BarKA-MS study by supportive actions to help prospective study participants in setting up and using the devices. Furthermore, adherence is likely to be associated with the number or duration of contact of the participants with the study coordinators (49). In the BarKA-MS study, participants had regular face-to-face contact and received ongoing support during the rehabilitation stay. Therefore, scalability is not only an issue of increasing study participant numbers but also of the duration of studies. Overall, we found that these issues are currently not well reflected by the ISAT checklist, and further, mHealth-specific adaptations may be warranted.

Combined, our findings suggest that digital health researchers may be confronted with a compliance-scalability trade-off. While direct and individualized interactions between study conductors and participants contribute to trust-building, enhanced participant commitment, and better study task completion, the strong human involvement makes the provision of such support elements potentially very costly as the number of study participants increases. Unfortunately, there is currently no easy solution to overcome this trade-off. Possible strategies may include optimizing the support level, human interactions and, in parallel, increasing the number of study participants to compensate for the likely greater attrition loss (51). Additionally, technological advances such as health diaries with integrated reminders (8, 52), chatbots or conversational agents (53, 54), and Just-In-Time Adaptive Intervention, which enables support when users are in a receptive state (55–57), could potentially be leveraged to provide scalable user support. Intervention adherence can also be enhanced through remote support (e.g., text messaging, emails, video calls) (37, 58), and remote program participation, such as web-based physiotherapy (8, 58, 59). Remote program participation offers greater flexibility in terms of participation time (8, 58, 59). But ultimately, the economical and efficiency aspects of developing and operating remote digital health studies are clearly under-researched and warrant greater attention.

Some limitations of the present analysis and the BarKA-MS study in general should be ­noted. First, the BarKA-MS study has a limited sample size and included only up to 8 weeks of follow-up. We were therefore unable to derive conclusions about longer-term barriers and challenges. Also, the included sample does not reflect the full diversity of PwMS with respect to age, disability status, or digital skills. Furthermore, the support of the on-site coordinator during the completion of the baseline survey may have led to information biases, especially in the well-being-related questionnaires (i.e., physical activity level, barriers to physical activity, depression, walking ability, fatigue, health-related quality of life, pain, and self-efficacy). However, as these data were not analyzed here, this has a limited impact. Moreover, the support from the on-site coordinator was a chance to bind with the study participant and build a relationship, which likely had a positive effect on compliance (60, 61). Despite our efforts to review and qualify our data by two separate reviewers, the analyses and conclusions presented here are ultimately qualitative and, to some extent, subjective. Our findings should be considered formative and interpreted with appropriate caution. Furthermore, although the ISAT tool provided a helpful framework for our scalability assessments, it was not specifically designed for mHealth studies and recently has been qualified to require further validation by a systematic review (25). Therefore, relevant scalability elements or axes could have been missed by our analysis. Nevertheless, our detailed methodological critique of the BarKA-MS study design may provide inspiration and potential guidance for other researchers planning similar study efforts.

In conclusion, the BarKA-MS study shows that consumer-grade fitness trackers can be a useful alternative to research-grade devices in digital health studies. The mostly positive user feedback and high wear time observed in our study point to high satisfaction among the study participants. Our experiences also clearly emphasize the importance of an adequate onboarding and participant support system to maintain compliance. Overall, these findings suggest that, in principle, longer-term, remote observations beyond 8 weeks (as in the BarKA-MS study) may be feasible. However, given fixed resources, an increase in sample size may require reducing the level of human-dependent study participant support, with likely consequences for study compliance. Study conductors should anticipate this potential compliance-scalability trade-off already in the design phase.
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following ISAT axes

Scalability
Assessment
on ISAT scale)

1) Not at all

2) To a small exten
3) Somewhat

4) To a large extent

potential
(based

1

Comprehensive
onboarding

At the baseline meeting, the on-site study coordinator at the
rehabilitation clinic equipped the study participants with a Fitbit,
helped them download the Fitbit application onto their mobile phone,
and helped with the first log in to their Fitbit study account. Next, the
study coordinator created a new account for the study participant on
the study platform (RMIS), checked that they could receive emails on
their phone, and then completed the baseline questionnaire with them.
‘This initial onboarding session lasted approximately one hour.

Tt was important to take time to discuss the study in detail with the
participants and answer all their questions as the study involved quite a
‘number of digital tools.

ISAT 1: “fidelity and
adaptation”

Somewhat

Personal relationship

‘The on-site study coordinator had regular contact with the study
participants and made sure that everything was going well during the
rehabilitation phase. Also, the digital device expert team was always
reachable for study participants by phone.

Regular contact with the study participants strengthens their
commitment to the study.

ISAT 1: “fidelity and
adaptation”

To a small extent

3 | Research team support | The on-site study coordinator performed the study participant Briefing the on-site study coordinator before the study start and being | ISAT 1: “fidelity and To a large extent
for on-site study onboarding but initially had limited experience in using digital tools. | at their disposal (e.g, per phone) in case of a (technical) issue or | adaptation” and
coordinator Despite this, everything worked well due to an initial knowledge | questions was essential for the smooth conduction of the study. ISAT axis 4: “implementation
transfer by the research team and a smooth hand-over to other experts infrastructure”
in the research team for more complex technical questions.
4 | Active monitoring Research team closely monitored the participants. They controlled that | The collection of high-quality and complele data requires active ISAT axis 4 “implementation | Somewhat
the questionnaires were filled in every week and that the Fitbit were | monitoring and is, therefore, resource consuming. infrastructure” and ISAT axis 5:
collecting data. If a questionnaire had not been completed or if Fitbit “sustainability”
data were not being collected, the research team would pro-actively
contact the study participants.
5 | Monitoring device ‘Wearable devices, especially the Fitbit Inspire HR, was appreciated by | The convenience and discretion of the Fitbit Inspire HR and its ISAT axis 2: “reach and To a large extent
satisfaction and the study participants, who also reported increased motivation to be | immediate feedback were valued by the study participants and seemed | acceptability”
adherence physically active. to have led to very high wear adherence.

6| Offering free Fitbit device | Some people participated in the study mainly because the Fitbit was | Offeringa reward to the study participants can increase the recruitment | ISAT axis 4: “implementation | Somewhat

as an incentive offered free-of-charge at the end of the study. fraction. infrastructure”

7 | Tnvolving significant ‘The study participant’s partner was sometimes of great support eg, | A study participants partner can be an additional and valuable support | Not applicable To a small extent

others for peer support | for study participants not having German mother tongue. for the participant in terms of study compliance.

Recruitment and compliance barriers

8 | Recruitment challenges | Conducting the study in a rehabilitation clinic led to a limited ‘The PwMS attending a rehabilitation stay tend to have a more advance | ISAT axis 3: “delivery setting | To a small extent (limited

enrollment fraction (33%) due to the exclusion of persons with very | disease stage. By choosing a different study implementation setting, a | and workforce” influence on source
advanced gait impairments. higher recruitment fraction could be reached. population)

9 [covip-1e ‘The study took place in 2021, during the COVID-19 pandemic, which | The recruitment of PwMS was conditional on PwMS entering a ISAT axis 3: “delivery setting | Not applicable

led to delay in participant recruitment, as less PwMS attended the | rehabilitation stay. Again, by choosing a different study implementation | and workforce”
clinic for a rehabilitation stay. setting, more PwMS could be reached and thus the recruitment speed
could increase.
10 [ Seasonality During summer, less persons attended the rehabilitation clinic. It was | In planning the study, seasonality should be taken into consideration | ISAT axis 2: “reach and Somewhat (limited influence
thus more difficult to recruit participants during this period. eg, during the main holiday periods (in summer and at Christmas) ~ | acceptability” on clinical workflows and
people are less prone to attend a rehabilitation clinic. processes)

11 [ Digital literacy Persons with less digital literacy required closer support. ‘When recruiting study participants, make sure that they understand | ISAT axis 2: “reach and Somewhat (exclusion could
well enough the used and provide easy-to-understand i lead to limited
instructions. This could be an inclusion criterion. generalizability)

12 | Language barriers Study participants with  different mother tongue than the one in | If the person is not fluent in the languages in which the study is ISAT axis 2: “reach and Somewhat

which the study was conducted required more support. performed, this will pose a recruitment obstacle or may lead to  higher | acceptability”
participation burden for study enrollees. Additional support (eg, by
relatives or study personnel) could be considered.
13 [ Setting change Survey completion fraction at home was lower than in inpatient Sending a text message to participants a few days after their return | ISAT axis 3: “delivery setting | To a large extent
settings. The participants’ return home was always a key moment | home to remind them that they can reach us anytime if they need to | and workforce”
because they were not so closely followed anymore, and the daily | could potentially increase their compliance to the study.
concerns were again present.
14 [ Text messages vs. phone | Study participants would rarely pick up the phone, especially when itis | The participants in our study (solely PwMS) seemed to feel more at | ISAT axis 2: “reach and Somewhat
calls an unknown number, but they would respond to text messages. ease in responding 1o text messages or to calls that were scheduled in | acceptability”
advance.
15 | Forgotten Passwords Some study participants lost the password to their RMIS account or | The provision of a study “visiting card” with the login information | ISAT 1: “fidelity and To a large extent
went on holiday without it could be provided to the study participants, so that they can easily keep | adaptation” and
it in their wallet. Participants should be reminded to also take this card [ ISAT axis 5: “sustainability”
on holiday.
16 | New maobile phone When a study participant changed their phone during the course of | Manuals and instructions (e. short videos) could be provided to advise | ISAT 1: “fidelity and Somewhat

the study, they had to re-install the Fitbit application, log in again, and
reconnect the application with their Fitbit tracker. Not every study
participant would be able to do this on their own.

participants on how to set up a new phone.

adaplation” and
ISAT axis 5: “sustainability”

‘Technical challenges

7

Incompatible mobile
phone operating systems

Certain mobile phones of the Huawei brand did not have an apps
store, which hindered the download of the Fitbit application and thus
participation in the study.

Be aware that not all mobile phones have an app store.

ISAT axis 4 “implementation
infrastructure”

Not at all (unless phones are
provided by study)

18 | No email access on Some study participants had no access to their emails on their mobile | Instruct participants to bring along their login credentials to enable on- | ISAT 1: “fidelity and Somewhat
‘mobile phone phone. In such a case, the contact person in the rehabilitation clinic | site installation and set-up of necessary applications by study adaptation” and
had to link the email account of the study participant to an email | supporters. ISAT axis 4: “implementation
application on the participant’s phone. This was not always successful infrastructure”
because e.g, the participant did not have their email account
credentials available.

19 [ Provision of a notebook | For some participants, it was difficult to complete the weekly ‘The provision of a notebook, at least for the initial inpatient phase, | ISAT axis 4 “implementation | To a large extent (for
during the rehabilitation | questionnaires on their mobile phones, e.g. due to small fonts or hand | should be considered. infrastructure” inpatient setting)
stay control impairments.

20 | Login problems with ‘Sometimes during the rehabilitation stay, because of login problem to | For different reasons, study participants were not always able to fill in | ISAT axis 4: “implementation | To a small extent
survey platform the RMIS survey platform or other difficulties to fill in the survey | the surveys digitally. A fallback option such as paper questionnaires | infrastructure”

digitally, surveys were filled in on paper. However, afterwards the data | could be considered, which may lead to a subsequent higher workload
had to be manually entered by the research team on the RMIS and potential data entry errors due to manual entry.
platform, which was time consuming with the added risk of errors in
entries.
21 | Email bounces For unclear reasons, the RMIS platform could not send emails to | Asking the study participants for an alternate email address or other | ISAT axis 4: “implementation | To a large extent
certain email addresses provided by the study participants. contact information at the beginning of the study could be useful in | infrastructure”
different situations.

22 | Replies to automatically | Participants would sometimes reply to automatically generated emails | When using automatically generated emails, a note should be added at | ISAT axis 4: “implementation | To a large extent
generated emails from the RMIS platform to ask for help or mention a problem, which | the end to indicate not to reply to this email address. infrastructure”

led to delays in their resolution.

23 | Automatically timed ‘Manually managing email invitations and reminders is labor intensive, | The study platform ideally contains all necessary features for a proper | ISAT axis 4: “implementation | If manual: To a small extent
invitation and reminder | with the burden and complexity growing exponentially with each | and efficient study conduction, including automated timing of survey | infrastructure”
emails additional participant. The setting transition also needed to be and invitation emails, as well as allowing for different study phases.

reflected in survey delivery: the first home setting survey differed from
normal weekly surveys and had to be triggered manually.

24 | Extension of the ‘The rehabilitation stay was somelimes prolonged during the stay by | Rehabilitation stays can be extended and the study platform used ISAT axis 4 “implementation | If manual: To a small extent
rehabilitation stay in the health insurance. These changes were communicated to Kliniken | should be flexible enough 1o account for such changes. infrastructure”
progress Valens, who then had to inform the research team of the UZH. This

made the weekly survey mailing dates planning challenging.
25 | Synchronization issue The Fitbit did not always synchronize automatically with participants’ | Fitbit devices and synchronization status require regular monitoring | ISAT axis 4: “implementation | To a small extent

with the Fitbit

mobile phones. When this happened, the participants had to manually
synchronize the Fitbit every few days for the entire study period.

(eg. as available in the Fitabase data platform). If necessary, the study
participants should be informed and instructed on how to manually
synchronize the Fitbit with the Fitbit application.

infrastructure”
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Study participants’ quotes from the

Study participants’ quotes from the

words in rehab

rehabilitation phase

phase back home

Step 1 1 “Ilook at the number of steps and walk around | “Helps me reach the goal of 7,000 steps.”
some more to reach my goal.” “Fitbit watch is good to wear. Helpful for counting
“The tracker sometimes calculates steps very | steps and monitoring heart rate while exercising.”
generously.” “The Fitbit is on average about 30% higher with the
“I walk significantly more steps than at the | steps counted than my own smartwatch.”
beginning of the study.” “Motivation to take steps has decreased”
“Motivation for the number of steps.”

Sleep 2 3 “I find the sleep rhythm very interesting” | “sleep more controllable.”
“Good 1o see especially the sleep cycle.” “I can observe the effect of shorter sleep.”
“I pay attention to sleep (duration).” “The sleep, how much T have REM-phases.”
“[The Fitbit] is hooking, especially the sleep | “Sleep measurement sometimes inaccurate/
analysis.” incorrect.”

Good 3 3 “Very good [experience], I am very satisfied.” | “Good and exciting experience.”
“Very good. It helps to become aware of what | “Very good! Motivates immensely.”
you have done or not done.” “It went quite good, I kept looking in to see how
“Easy to use and good for myself to maintain | many steps I had walked.”
motivation for achieving the daily goals.” “[1] am not sure if the watch correctly measures my
“stil good, don’t actually notice the device | activities otherwise good experience.”
anymore.”

REM, rapid eye movement

*The third most common word was "none”, which was namely used as a finite answer when study participants had no new experience to report, therefore the 4th most
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Characteristics Study participants (n = 45)

Demographic information

Sex, n (%)
Female 29 (64.4%)
Male 16 (35.6%)
Age, median (IQR) 46 (40-51)
Nationality’, # (%)
Swiss 34 (75.6%)
German 6 (13.3%)
Ttalian 2 (4.4%)
Other 3 (67%)
Marital status, 1 (%)
Single 12 (26.7%)
Married 23 (51.1%)
Separated 122%)
Divorced 7 (156%)
Widowed 2 (44%)
Education, # (%)
Mandatory school not completed (or up to and including 7th grade) 2 (44%)
Apprenticeship or secondary education completed (i.e. Matura schools or intermediate diploma schools) 25 (55.6%)
Higher professional education, applied university or university completed 18 (40%)
n (%)
Working full time 5 (11.1%)
Working more than 50% but less than 100% 5 (11.1%)
Working 50% or less 17 (37.8%)
Not working 18 (40%)

Health information

Maultiple sclerosis type, n (%)

Relapsing remitting muliple sclerosis 18 (40%)
Secondary-progressive muliple sclerosis 19 (42.2%)
Primary-progressive multiple sclerosis 8 (17.8%)
Multiple sclerosis duration, median (IQR) 11 (521)

Expanded Disability Status Scale, median (IQR)
Expanded Disability Status Scale, (%)

035 13 (289%)
455 19 (422%)
26 13 (289%)
‘Time since last relapse in years, median (IQR) 3(15)
Missing information 8
Body mass index, median (IQR) 24 (2128)
Missing information 4
Comorbidities’, (%)
None 18 (40%)
Hypertension 5 (11.1%)
Depression 5 (11.1%)
Skin diseases (eg., acne) 4 (89%)
Orthopedic diseases (g, joint or back pain) 4(8.9%)
Diabetes type II 3 (67%)
Migraine| 2 (44%)
Hypothyroidism 2 (44%)
Other” 9 (20%)

Baseline assessments

Change in the amount of sport practiced after the MS diagnosis, n (%)

Less 27 (60%)
Same amount 2 (44%)
More 15 (33.3%)
Missing information 12.2%)
Barriers to Health Promoting Activities for Disabled Persons Scale (score range 18-72), median (IQR) 28 (26-32)
International Physical Activity Questionnaire—Short Form, median (IQR) of total active minutes per day in the last seven days 155 (90-240)

Missing information 4
12-Item Multiple Sclerosis Walking Scale (score range 0-100; refers to the last two weeks), median (IQR) 625 (39.6-812)

Missing information 2
Fatigue Scale for Motor and Cognitive Functions (score range 20-100; refers to the everyday life), n (%)

No fatigue (score <43) 4 (89%)

Mild fatigue (score 243) 15 (333%)

Moderate fatigue (score >53) 3 (67%)

Severe fatigue (score 263) 23 (511%)
Fatigue Scale for Motor and Cognitive Functions-Cognitive fatigue (score range 10-50; refers to the everyday life), 1 (%)

No cognitive fatigue (score <22) 18 (40%)

Mild cognitive fatigue (score >22) 4 (89%)

Moderate cognitive fatigue (score >28) 9 (20%)

Severe cognitive fatigue (score >34) 14 (31.1%)
Fatigue Scale for Motor and Cognitive Functions-Motor fatigue (score range 10-50; refers to the everyday life), n (%)

No motor fatigue (score <22) 1(22%)

Mild motor fatigue (score >22) 5 (11.1%)

Moderate motor fatigue (score >27) 6 (133%)

Severe motor fatigue (score >32) 33 (73.3%)
General Self-Efficacy Scale (score range 10-40), median (IQR) 30 (28-33)
Patient Health Questionnaire-8 (score range 0-24; refers to the current state), n (%)

No significant depressive symptoms (score <5) 19 (422%)

Mild depressive symptoms (score >5) 17 (37.8%)

Moderate depressive symptoms (score >10) 6 (13.3%)

Moderately severe depressive symptoms (score >15) 2 (44%)

Missing information 1(22%)
EuroQol Visual Analogue Scale (value, 0-100 scale; refers to “today”), median (IQR) 60 (50-75)

Missing information 1
EuroQol 5-Dimension 5-Level weighted by the French value set (0-100 scale; refers to “today”), median (IQR)

Missing information 2
‘How bad was your pain when it was at its lowest during the last 7 days? (0-10 scale), median (IQR) 01
How bad is your pain right now? (0-10 scale), median (IQR) 1(0-32)

Missing information 5
How bad was your pain when it was at its worst during the last 7 days? (0-10 scale), median (IQR) 3 (0-6)
‘Walking endurance: 6 Min Walk Test [meter], median (IQR) 329.5 (205-4205)

Missing information 1
‘Walking speed: 10 Meter Walk Test [second], median (IQR) 9 (7-13)

Missing information ]
Balance and dynamic functional mobility: Timed Up and Go [second], median (IQR) 10 (8-14)
Number of days in the rehabilitation clinic, median (IQR) 22 (18-26)

Multiple answers possible.
Asthima, diabetes type I, osteoporosis, psoriasis, cancer, rheumatic diseases, elevated cholesterol, colitis ulcerosa, fibromyalgia, shingles, Meniere's disease, cerebellar
syndrome.
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Persons eligible
n=81
Persons eligible fraction: 57.4% (81/141)

-

Persons enrolled
n=47
Recruitment fraction: 58.0% (47/81)

-

Persons analyzed
n=45
Study completion fraction: 95.7% (45/47)

* see Table A1 in the Appendix for more details
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Other*
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n=2
Dropout fraction: 4.3% (2/47)
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