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Practice Points 23 

 mHealth technologies could be an empowering and inclusive method of supporting long 24 

term physical activity uptake among persons with multiple sclerosis (MS). 25 

 Knowledge is currently lacking regarding how mHealth technologies, such as mobile apps, 26 

can facilitate uptake of Physical Activity Guidelines for Adults with MS (PAGs). 27 

 People with MS desired an app grounded in a solid scientific foundation, but then translated 28 

into simple, accessible, personalized physical activity guidelines that focused on safely 29 

achieving activity goals.  30 

 Motivational, functional, and personalization strategies should be included in the 31 

development of an app based on the PAGs. 32 

 33 

  34 
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Abstract 35 

Background. The uptake of Physical Activity Guidelines (PAGs) for adults with multiple sclerosis 36 

(MS) may be facilitated through mHealth solutions such as a mobile app. To date, there is limited 37 

information regarding preferred features of an app for people with MS. We explored desired 38 

features for an app that supports physical activity behavior among persons with MS. 39 

Methods. Using a pluralistic analytical approach, we examined qualitative data from 40 people 40 

with MS through two different lenses to explore (i) what persons with MS wanted in an app based 41 

on the PAGs and (ii) how the PAG-based app should facilitate behavior change. The data were 42 

subjected to deductive, content analysis to identify populous mentions of desired PAG-based app 43 

elements. We then used inductive, semantic reflexive thematic analysis to further explore the 44 

opinions and evaluations of participants. 45 

Results. Participants perceived features such as activity tracking, incentives for completing 46 

milestones, and customization as both triggers for doing PA and supporting engagement with the 47 

app. Participants expressed a desire for a personalized PA prescription based on mobility and 48 

fitness level, expert feedback based on data entered in the app, and an exercise library with a 49 

range of evidence-based content. Participants insisted the app be backed by a solid scientific 50 

foundation and that accessibility of personal data be controlled by the user. 51 

Conclusions: We propose developing a simple, trustworthy, and evidence-based app that focuses 52 

on helping persons with MS safely reach the PAGs.   53 
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 Multiple sclerosis (MS) is a chronic, immune-mediated, demyelinating condition of the 54 

central nervous system (CNS) with prevalence estimates of nearly 1 million adults in the U.S. and 55 

2.5 million adults worldwide1. This condition typically follows one of two clinical courses. 56 

Relapsing remitting MS (RRMS), the most common clinical course of MS, is characterized by 57 

clearly defined relapses of new or increasing neurologic symptoms followed by periods of partial 58 

or complete remission of symptoms. Progressive MS (PMS) is less common and is characterized 59 

by progressive worsening of neurological function over time. The condition typically involves 60 

inflammation within the CNS, resulting in diffuse CNS damage. Both courses of MS can cause 61 

walking and cognitive dysfunction, fatigue, depression, and pain, and reduced quality of life2.  62 

As part of a comprehensive, holistic care approach, physical activity (PA) can have a 63 

therapeutic impact by improving function, symptoms, and quality of life among people with 64 

MS2,3; however, the majority of people with MS do not engage in sufficient amounts of PA for 65 

accruing the benefits4. The Canadian Physical Activity Guidelines for Adults with Multiple 66 

Sclerosis (PAGs) prescribe the appropriate dose of PA for people with MS to improve quality of 67 

life outcomes, and recommend 30+ minutes of moderate intensity aerobic activity twice weekly 68 

and strength training for major muscle groups twice weekly for adults ages 18-64 years with mild-69 

to-moderate disability5; nonetheless, PA levels have remained markedly low in people with MS 70 

even after the publication of these guidelines. This may be attributed to a gap between the 71 

development of scientific knowledge and translation to the real world. That is, despite there 72 

being some evidence supporting the feasibility and benefits of the PAGs in MS6-8, there are few 73 

avenues for the broad dissemination, knowledge translation, or implementation of these 74 

guidelines among persons with MS. This critique is supported by a recent qualitative study that 75 
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examined perceptions and awareness of the PAGs for PA engagement among persons with MS 76 

in the US9. The PAGs were viewed as a good introduction to structured PA, but there was 77 

confusion about the intended audience for the PAGs (i.e., only Canadians), and that the 78 

guidelines lacked the necessary details to put a PA program into practice. To improve uptake of 79 

the PAGs, persons with MS suggested that the guidelines should convey the importance of being 80 

physically active, offer a wide array of symptom-specific exercises10, and use a variety of mutually 81 

reinforcing dissemination and implementation strategies, such as print and online platforms9.    82 

Arguably, utilizing online platforms to facilitate physical activity among persons with 83 

chronic illness (particularly those who are immune-compromised) has become even more 84 

essential during the COVID-19 era11. There is increasing focus on the application of telehealth 85 

solutions to facilitate PA behavior change due to advantages such as ubiquity, cost-effectiveness, 86 

and ease of access12. However, a systematic review of existing PA telehealth interventions in 87 

people with MS reported low-quality evidence for a beneficial effect of these interventions on 88 

reducing fatigue, improving balance, and increasing quality of life13. It is important to note that 89 

these studies utilized internet-based technologies that required access to a website and or video 90 

conferencing software instead of a mobile app. Mobile health (mHealth), the use of wireless 91 

technology to deliver health services and information in mobile communication devices such as 92 

tablets, wearable monitoring devices, and smartphones, may be a more applicable mode of PA 93 

promotion as it is easily accessible to persons with MS at a time most convenient to them. 94 

Compared to other PA intervention modalities that require a desktop computer or laptop and 95 

internet connection to access a website, smartphones have a more portable size, can use built-96 

in sensors or be paired with external sensors for continuous activity monitoring and feedback, 97 
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and despite having a smaller screen size than desktop computers or laptops, allow for creating 98 

rich app experiences to the user14. At present, the use of mobile apps has the potential to provide 99 

engaging real-time coaching experiences for motivating users to increase PA behavior through 100 

features such as measuring daily PA and providing feedback, guidance, and incentives to generate 101 

awareness on current behavior and stimulate users to achieve and maintain an active lifestyle14.  102 

As yet, the development of an MS-specific PA app is a relatively novel approach to explore 103 

regarding cost-effective solutions to encourage, support, and empower persons with MS in their 104 

activity behavior12,15 and an opportunity to create a dissemination strategy informed and inspired 105 

by persons with MS. To increase the likelihood of an app based on the PAGs being appropriate, 106 

meaningful, and beneficial to adults with MS, it is essential to understand their contextual needs 107 

and preferences as end users of the technology to inform system design. Qualitative inquiries can 108 

be a valuable tool in the early stages of the user-centered design process to provide insight into 109 

complex and multifaceted experiences of individuals. Therefore, the current study ascertained 110 

what persons with MS desired from an app to support PA behavior, utilizing a qualitative, 111 

pluralistic approach to explore both what persons with MS wanted regarding content of a PAG-112 

based app and how they wanted this content to be facilitated. This qualitative inquiry provides 113 

an empirical foundation for understanding the unique needs and perceptions of persons with MS 114 

for mHealth solutions to support PA behavior.   115 

Methods 116 

Philosophical assumptions 117 
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The current study followed a qualitative design that was guided by an interpretivist 118 

paradigm (i.e., ontological relativism and epistemological constructionism). Ontological 119 

relativism asserts that reality is a malleable, fluid experience and that standards of truth, 120 

knowledge, and morality depend on one’s culture, society, and past histories16. Epistemological 121 

constructionism maintains that individuals create or construct personal understandings of 122 

knowledge through the interaction of their existing ‘truths’ and the social and cultural 123 

environments in which they live. Researchers become a part of this knowledge construction 124 

when conducting qualitative interviews17.  125 

Participants  126 

 This research was part of a larger study examining approaches for increasing the uptake 127 

of the PAGs in MS, and we have previously reported on the sampling procedures9. Briefly, 128 

consistent with recommendations on quota-based sampling in qualitative research18,19, we 129 

targeted recruitment of seven or more persons per geographical region of the U.S. (e.g., 130 

Southeast, Southwest, Midwest, West, and Northeast) by mailing flyers containing study 131 

information to an extensive list of persons who previously contacted us requesting information 132 

about studies from our lab. The 40 participants enrolled in the study were largely female (n=30) 133 

and the mean age was 58.6 (SD=9.3) years. Participants had been diagnosed with MS for a mean 134 

of 18.0 (SD=10.1) years and represented 27 different states in the United States. The study 135 

inclusion criteria were (i) age over 18 years, (ii) confirmed diagnosis of MS, (iii) and Multiple 136 

Sclerosis Neuropsychological Screening Questionnaire (MSNQ) score ≤2720. The descriptive data 137 

on the overall sample of 40 participants are in Table S1. 138 
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Data collection 139 

 The original research was conducted in 2019 and explored potential approaches for 140 

increasing uptake of the PAGs9. The current research explored desired features regarding a PAG- 141 

based app and strategies to facilitate behavior change. The first author initiated the research and 142 

collected and analyzed data. The second author served as a “critical friend” and provided 143 

support, advice, and feedback throughout the research process21. We received Institutional 144 

Review Board approval before the study began, and all participants provided verbal consent 145 

before the interviews were audio recorded. Names were removed from all transcripts and 146 

changed to participant ID numbers to maintain confidentiality.  147 

Data analysis and rigor 148 

We adopted a pluralistic analytical approach to explore both what persons with MS 149 

wanted regarding content of a PAG-based app and strategies to support PA behavior. Analytical 150 

pluralism involves the application of two or more qualitative analytical methods to explore 151 

multiple aspects of a phenomenon and enhance complexity and depth of interpretation within a  152 

data set22. This approach allows researchers to extract as much meaning as possible from the 153 

data23, and to construct holistic, multi-layered understandings that are deeper than one method 154 

of analysis alone23. Pluralistic data analysis has further been effectively used to craft a more 155 

complex understanding of the lived experiences of aging with MS24. To that end, two methods of 156 

data analysis were applied in a sequential method to the same data set to explore not only what 157 

persons with MS wanted regarding content of an app, but also how they wanted this content to 158 

be facilitated. The data were first subjected to content analysis (CA) to identify populous 159 
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mentions of desired app features based on the PAGs. A reflexive thematic analysis (RTA) was then 160 

used to provide details, context, and depth to the CA. In doing so, instead of focusing on either 161 

the ‘reality’ of the participants’ accounts or quantifying mentions of app components, the 162 

analysis was an attempt to examine both what and how to create and app to support physical 163 

activity behavior; thus extending the understandings that would be derived from one method 164 

alone25. All data were coded by the first author and organized using NVivo 12.  165 

To ensure rigor and trustworthiness throughout the research process, we adopted a 166 

relativist approach. In line with this approach, we chose the evaluative markers worthy topic, 167 

transparency, and substantive contribution from the ongoing list for quality and rigor first 168 

proposed by Smith and Caddick26. We highlighted the worthiness of our topic through the 169 

justification in the introduction regarding why an examination of desired PAG-based app features 170 

is currently needed by people with MS. We maintained transparency by completing an audit trail 171 

whereby the first author used the second and third authors as critical friends throughout the 172 

analytical process. We strived for our work to make a substantive contribution by conceptualizing 173 

the development of a PAG-based app within theoretical frameworks when applicable, providing 174 

recommendations for practice and future research, and highlighting how the use of a pluralistic 175 

analysis can be used to illuminate the meaning of an experience not well understood. Our 176 

significant contribution to the literature is reported in the results, discussion, and conclusion 177 

sections.  178 

Content analysis 179 

The data were first subjected to deductive, CA to identify recurrent mentions of app 180 

components. CA is a qualitative research method for describing and identifying common themes 181 
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in collected data. Using the three-phase guide put forth by Elo and Kyngäs27, CA started with the 182 

preparation phase wherein researchers selected the unit of analysis (e.g., a word or theme). 183 

During this phase, the theoretically-informed categories ‘engagement’, ‘information 184 

management’, ‘functionality’, and ‘ease of use’ were identified as general themes that 185 

participants would likely address when discussing desired app features based on previous 186 

research28-31. These categories further united common elements described by participants that 187 

would provide meaningful guidance in the creation of a PAG-based app. The ‘engagement’ and 188 

‘functionality’ categories cover consumer interaction with the app and guidance provided by the 189 

app developers, respectively, and are aligned with the Mobile Application Rating Scale (MARS)31. 190 

‘Ease of use’ is aligned with the Technology Acceptance Model (TAM) and includes concepts such 191 

as automation, convenience, and health literacy suitable to cater a range of users30. The 192 

‘information management’ category describes reliability, data security, and quality and quantity 193 

of data and is aligned with the Health Information Technology Acceptance Model (HITAM)29. The 194 

first author then initiated the analytic process (phase 2), reviewing the data for content and 195 

coding based on correspondence with the pre-determined categories. Abstraction, a method 196 

used in CA to formulate general descriptions and interpretations of categories into a logical 197 

framework, guided the creation of sub-themes using content-characteristic words and provided 198 

a rich description of the phenomenon (i.e., desired app components) (Figure S1). In phase 3, 199 

results were synthesized for identifying the most relevant themes in the data by noting the 200 

frequency of the themes that were described by participants, thereby providing further context 201 

of app preferences among people with MS.  202 

Reflexive Thematic Analysis 203 
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We then applied inductive, semantic RTA to explore how persons with MS desired a PAG-204 

based app to function for personal, relevant, and engaging experiences. This further reflected 205 

our epistemological stance that knowledge is created mutually by participants and researchers. 206 

Using this approach, themes were constructed from participant testimonies (inductive analysis) 207 

and opinions were identified plainly in the data without applying a further layer of interpretation 208 

(semantic analysis). This method was chosen to reflect data content that best represented 209 

meaning as communicated by participants32. To ensure rigor, the first author utilized the six-stage 210 

thematic analysis guide for conducting inductive TA32. Already immersed in the data (stage 1), 211 

the first author proceeded to stage 2, applying content-characteristic codes to the data to 212 

generate a list of initial ideas for each participant, with miscellaneous responses interpreted 213 

inductively into new codes as necessary. In phase 3, potential themes were identified by sorting 214 

and collating the list of codes related to perceptions of a PAG-based app. Phase 4 involved the 215 

review of potential themes by the research team and discussion of whether themes were 216 

sufficiently supported with examples from the transcripts. In step 5, themes were named and 217 

defined in a way that explained data content, whilst step 6 yielded a report, which is the focus of 218 

the Results and Discussion section.  219 

Results and Discussion 220 

 The demographics for participants in the app group are provided along with the overall 221 

sample in Table S1. Six themes related to motivational, functional, and personalization strategies 222 

to be used in an app based on the PAGs were identified through CA: (1) activity tracking and 223 

reminders, (2) positive reinforcement, (3) customization, (4) personalized PA prescription, (5) PA 224 

guidance and virtual resources, and (6) activity monitoring and support. Participants perceived 225 
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features such as activity tracking, incentives for completing milestones, and customization as 226 

both triggers for doing PA and support for engagement with the app. They expressed a desire for 227 

a personalized PA prescription based on mobility and fitness level, expert feedback based on data 228 

entered in the app, and an exercise library with an array of evidence-based content. Using RTA, 229 

we identified four desires stated by participants to facilitate this content into a usable, 230 

motivational app: (1) increase motivation to sustain usage, (2) include evidence-based content, 231 

(3) provide expert feedback, and (4) allow personal data management. The findings of the 232 

analyzed data are presented in Tables S2 and S3; the table of associated CA themes includes a 233 

selection of quotes as data supporting our presentation. The results and discussion are presented 234 

together below to immediately conceptualize findings within the wider literature, focusing on 235 

the RTA themes.  236 

Increase motivation to sustain usage 237 

This theme underpins participants’ desire for a PAG-based app to have features that 238 

would facilitate motivation and prolonged engagement in physical activity. For example, 239 

participants suggested proactive features such as reminders or triggers to engage in PA: 240 

If it’s something that they could hold in the palm of their hand and it sends them a 241 

reminder or their phone chirps and says, “Quick, do 20 burpees,” which I could ever do a 242 

burpee again but something like that, that might be good for people to look at your 243 

program and keep them focused on it rather than start it and stop it. (Participant 38) 244 

 245 
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And it's a good reminder…to help you remember to do this twice a week or do this three 246 

times a week whatever, a reminder, that's always helpful to get a reminder. (Participant 247 

31) 248 

Participants often associated inclusion of interactive features such as activity tracking and 249 

incentives for achieving milestones to an increase in user engagement: “Some way of tracking 250 

and also I know Fitbit does this, that they essentially have, you can set a goal and then if you 251 

achieve that goal it says, hey, congratulations, you've met your goal for today” (Participant 34).  252 

Features that enable users to draw their attention to how their PA progresses and to any 253 

discrepancies between PA behavior and goals may increase app engagement and subsequent PA 254 

levels. Indeed, in a similar study examining experiences of people with MS regarding digital self-255 

monitoring, participants were more likely to act on self-monitoring data15, highlighting the crucial 256 

role of action planning features in PA apps to facilitate goal attainment. Moreover, proactive 257 

features (i.e., reminders, context-aware prompts, and tailored PA plans and suggestions) 258 

constitute one of the main gaps of commercial PA apps, suggesting that these features should be 259 

core components in a PA app for adults with MS. 260 

Participants also reported the need for autonomy and expected motivation to continue 261 

using a PAG-based app to increase when users have an active role in the regulation of their 262 

behavior. Self-regulation can be viewed through the lens of social cognitive theory (SCT), which 263 

specifies mechanisms through which the factors that determine behavior work and how they 264 

may be translated into practice33. App features that incorporate SCT-based constructs to support 265 

the self-regulation of behavior to achieve exercise goals (i.e., goal setting, self-monitoring, and 266 
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feedback) may allow users to self-organize their experiences and their behavior and therefore, 267 

foster experiences of autonomy12,15,34.  268 

Include evidence-based content 269 

 This RTA theme communicates perspectives regarding the information needs of people 270 

with MS. A shared view among participants was that the app should only include information 271 

backed by a solid scientific foundation. Incorporating information on the benefits of PA and new 272 

MS research involving exercise were also vital components for a PAG-based app, “Because I think 273 

we all know how exercise can help us, because a lot of times you’ll just hear, you know, you need 274 

to exercise and it can help with your fatigue and it’ll tell you what it can help with, but they don’t 275 

tell you what to do” (Participant 14). Participants believed that including evidence-based content 276 

unique to persons with MS would increase app usage and emphasized the need for a prescribing 277 

tool that would help them plan their PA, including details on what exercises to do. The variability 278 

of MS symptoms and how these inform PA levels was an important factor in the need for a 279 

personalized exercise program based on the PAGs: 280 

And it’s a good idea…having it broken down between RRMS, secondary PMS and primary 281 

PMS, but even then you could subset it, depending on the individual. Because some 282 

people, they can’t walk, but their upper body strength is great, depending on the 283 

manifestation of their MS. Other people, it’s the other way around. They can walk, but 284 

they don’t have the upper body strength. (Participant 4) 285 

In the context of this study, participants’ awareness of the physical and psychological 286 

benefits of PA was highlighted as a source of motivation to be physically active, but they desired 287 

an evidence-based PA program with symptom-specific exercises to help them reach the PAGs. 288 
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Preferences for a wide array of symptom-specific PA suggestions has been reported in previous 289 

literature examining the preferred sources for obtaining PA information by people with MS10.  290 

Further, mHealth PA interventions that are personalized to an individuals’ needs and motivations 291 

are potentially more effective at maintaining adherence35. In persons living with MS, the damage 292 

within the CNS results in the heterogenous expression of symptoms including fatigue, pain, 293 

walking dysfunction, bladder and bowel dysfunction, and cognitive impairment36, so a strategy 294 

that may work for one person may not work for another. Thus, factors such as type of MS, 295 

mobility level, and physical fitness should be considered when designing an app for persons with 296 

MS10,12,37. Providing information on a variety of exercises stratified by mobility level10,37,38 and 297 

recommendations for further modification of the movements if the given standards are too 298 

difficult may increase user engagement, which can contribute to overcome the general low PA 299 

levels of persons with MS. 300 

Provide expert feedback 301 

This RTA theme highlights participants’ attitudes toward remote monitoring and feedback 302 

based on user data. Some expressed a reluctance of online information not presented by experts 303 

in MS and exercise: “I wouldn’t go on the internet and just google, “What is the best exercise for 304 

MS?” I think I would try to seek out experts, like your study or through the MS Society” 305 

(Participant 22). Feedback from an expert in MS and exercise regarding progress towards 306 

reaching the PAGs appeared to be important to those interviewed, especially when beginning 307 

the exercise program: “They would need to have a person to direct them into, you know, what 308 

to do, how to record it, you know, how to progress. Or, you know, progress or possibly let up on” 309 

(Participant 4). Such feedback could consist of additional insights and advice based on personal 310 
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data. For example, Participant 21 suggested providing feedback on resistance training, “…to know 311 

when to increase the weight and those types of specifics that would be really helpful. From a 312 

trainer would probably know that or a physical therapist”. Participants had varied opinions on 313 

how best to provide this feedback, suggesting formats such as a phone call, text message, or 314 

automated in-app message from an expert in MS:  315 

I mean, it doesn't have to be somebody's eyeballs on the screen, because that could be 316 

incredibly tedious for whoever's having to do the review…You know, it could be, “We've 317 

noticed that you haven't done X in three weeks, do you want to talk about it? If so, call 318 

this number”, or it can be something automated. (Participant 25) 319 

The desire for feedback based on personal PA data and variability in opinions regarding the 320 

format of feedback provided can be conceptualized within the wider literature. It is almost 321 

impossible to imagine a PA intervention that does not employ some form of feedback as a 322 

technique to increase motivation, but the ways of doing so are diverse in terms of timing, 323 

content, and representation. Apps that aim to support PA in daily life report a more diversified 324 

use of feedback representation, including graphical displays, spoken dialogue, and haptic 325 

feedback14. The chosen representation for interacting with the user seems to be mostly based on 326 

the target audience and expected use of the app. For example, apps that are focused on recording 327 

PA in real time typically employ either spoken dialogue or haptic feedback, as users are too 328 

preoccupied with performing the exercise to use the visual display of a smartphone14. 329 

Alternatively, it has been suggested that the most effective technologies are those that come 330 

close to the “gold standard” of one-on-one, face-to-face counseling with an expert39. That is, the 331 
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use of an avatar to simulate interactions with a real PA trainer and provide personal feedback 332 

and guidance may be more effective at achieving desired health outcomes. 333 

Allow personal data management   334 

This RTA theme gathers insights from participants on system requirements related to the 335 

use of data collected from the app. One major deterrent to downloading an app based on the 336 

PAGs was allowing third party access of personal information. Participants insisted that access to 337 

personal information and data be controlled by the user, “…I'm more concerned about privacy 338 

and... I don't want anything on my phone that's going to phone-home. I don't want apps talking 339 

to some server, God knows where…” (Participant 25). Research suggests that better system 340 

credibility may increase the persuasive capability of PA-promoting apps40. In line with this, 341 

personal data should be optional and transparent to help ensure that users trust the app. 342 

Technology trustworthiness may further be increased by informing users that the app was 343 

created in conjunction with healthcare and exercise professionals and that there are other 344 

individuals like them using it. 345 

Conclusion 346 

 There is a paucity of research on MS-specific needs for mHealth-based solutions for PA, 347 

particularly an app for increasing PA behavior. This study applied a pluralistic analytical approach 348 

to identify what persons with MS want in an app based on the PAGs. Four themes were identified 349 

through RTA that can guide the development of a future PAG-based app: (1) increase motivation 350 

to sustain usage, (2) include evidence-based content, (3) provide expert feedback, and (4) allow 351 

personal data management. This aligned with design considerations for a PAG-based app such 352 
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as: (1) activity tracking and reminders, (2) positive reinforcement, (3) customization, (4) 353 

personalized PA program, (5) activity monitoring and support, and (6) exercise guidance and 354 

virtual resources. Such insights should inform the development an app for promoting PA 355 

designed to integrate persons with MS as the primary user base.  356 

Our results align nicely with previous research on apps for PA in MS. One study identified 357 

MS-specific needs for a PA-based app including activity tracking, incentives for completing tasks 358 

and objectives, customizable goal setting, optional sociability, and a game-like attitude12. 359 

Another study examined the needs and preferences of people with MS regarding further 360 

development and implementation of an existing MS-specific self-monitoring app15. The themes 361 

identified included personalization, providing guidance, and integration into clinical treatment 362 

plans. Our findings are consistent with results from those studies. Our use of a pluralistic 363 

analytical approach expands on those findings by providing an additional level of detail regarding 364 

perceptions of an app based on the PAGs for MS and further underscore the importance of 365 

protecting user information from third parties and providing feedback on progress towards 366 

meeting the PAGs.  367 

Recommendations for Research and Practice 368 

 Our results suggest that the key behavioral components of a PA app for MS align with SCT 369 

and may inform the development and implementation of a PAG-based app for people with MS. 370 

For example, providing more practical evidence of the importance of exercise for overall health 371 

within the app may increase outcome expectations and subsequent PA levels of adults with MS. 372 

Integration of SCT components, particularly the threefold stepwise implementation model, into 373 

the app could allow for better tailoring of materials and guidance by ensuring the information 374 
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provided is appropriate to the individual’s level of change41. We further provide key 375 

recommendations and considerations regarding user experience, information management, and 376 

engagement, along with strategies for integrating behavior change methods, in Table S4 and 377 

discuss below.  378 

As previous research on the attitudes of people MS and health care providers towards 379 

apps for measuring PA likewise identified customization as a facilitator to uptake of PA tracking 380 

apps12,15, the inclusion of customization elements such as goals, frequency of exercise, timing 381 

and type of activity cues, and type of activity or exercise equipment are vital in the construction 382 

of the PAG-based app. Incorporating basic gamification elements  (i.e., point system for in-app 383 

activity and rewards for completing exercise sessions)42, has also emerged as a popular strategy 384 

for influencing health behaviors. Previous research further supports a correlation between the 385 

use of health behavior theory and gamification in commercial health and fitness apps, suggesting 386 

that gamification may be an effective strategy for changing health behaviors35,43. 387 

Accessibility and ease of use were held in high regard to usage of a PAG-based app; 388 

participants were clear that the app should be simple and intuitive to use. To ensure the materials 389 

address a range of users, the materials should be presented in interactive formats including 390 

dialogue, videos, pictures, and written descriptions. Designers of a PAG-based app should also 391 

consider other MS-specific limitations, such as reduced fine motor skills or blurry vision, to 392 

increase uptake.  393 

Limitations 394 

 This study is not without limitations. First, though one benefit of a secondary review on 395 

the same data set is that it allows researchers to shed light on a topic without added burden to 396 
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study participants, transcripts were based on individual responses to questions regarding 397 

awareness of the PAGs and approaches for increasing uptake, not desired features of an app 398 

based on the PAGs. As less than half of participants (n=16) from the original interviews were 399 

included in the secondary analysis, the sample size was not large enough to be representative of 400 

a larger population of adults with MS. The nature of the secondary analysis further precluded us 401 

from asking follow-up questions, seeking clarification, or eliciting feedback for comparison from 402 

participants (n=24) who did not express interest in a PAG-based app. Our findings may further be 403 

limited by the fact that three-fourths of these participants were moderately active according to 404 

the GLTEQ, so their awareness of the benefits of PA maybe positively biased. As less-active adults 405 

with MS may have different needs and preferences regarding a PAG-based app, future research 406 

should analyze such differences and generalize to a more diverse sample of adults with MS, 407 

considering age, mobility level, educational level, digital literacy, and race/ethnicity.  408 

 To conclude, this study identifies several design considerations for an app based on the 409 

PAGs for MS. The results suggest a simple, guiding, trustworthy, and evidence-based app that 410 

focuses on helping persons with MS safely reach and maintain the recommended PAGs. The 411 

elements identified should be considered in future design processes for an app that may increase 412 

the uptake of the PAGs by persons with MS.   413 
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Table 1. Descriptive characteristics of the overall sample and those who mentioned the desire 533 
for a PAG-based application. 534 

Variable Original Sample (N=40) Mentioned App (n=16) 
Age (years (SD)) 58.6 (9.3) 56.8 (9.1) 
Gender (n (%) F/M) 30 (75) F/ 10 (25) M 11 (68.8) F/ 5 (31.2) M 
Race (n (%)) 
     Caucasian 36 (96) 16 (100) 
     Non-Caucasian 4 (4) 0 (0) 
MS Type (n (%)) 
     RRMS 23 (57.5) 11 (68.75) 
     PMS 7 (17.5) 3 (18.75) 
     SPMS 10 (25.0) 2 (12.5) 
Disease Duration (years (SD)) 18.0 (10.1) 15.7 (8.6) 
PDDS (IQR) 3.60 (0.0-7.0) 3.06 (0.0-7.0) 
PA Level (n (%)) 
     Active (GLTEQ ≥ 24) 29 (72.5) 12 (75.0) 
     Inactive (GLTEQ < 24) 11 (27.5) 4 (25.0) 

Note. PAG = Canadian Physical Activity Guidelines for Adults with Multiple Sclerosis; MS = 535 
multiple sclerosis; PDDS = Patient-Determined Disease Steps; PA = physical activity 536 
  537 
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Table 2. Content analysis themes regarding an application for supporting the Physical Activity 538 
Guidelines for MS. 539 

Theme Components Quotes 

Activity tracking 
and reminders 
(n=5) 

 Allow users to log 
exercise-related 
information   

 Reminders to stay 
active 

 Well, I'll be honest with you, if there 
was an app that actually made you 
put in there what you did, how long 
you did it for, something like that, 
that would help. (Participant 2) 

Positive 
reinforcement 
(n=6) 

 In-app rewards and 
encouraging 
messages 

 And again, the app every time they 
open that up, it'd say for an MS 
patient, "Remember, it's not your 
muscles, it's your nerves." 
(Participant 31) 

 And say, "I completed two of my four 
activities for this week. So, I'm 50% 
done." type of thing. (Participant 3) 

Customization 
(n=6) 

 Flexibility in 
completing 
exercise sessions 

 Specify use of an 
assistive device, 
exercise 
equipment used 

 I mean, the 30 minutes a day, a lot of 
people, especially now if they're still 
working...will say they can't find time 
to do 30 minutes a day twice a week. 
So somewhere, to break it up, 
because they could break it up in 
some way, shape, or form 
(Participant 6) 

 It's harder for a person to use a 
walker and walk, it's harder to walk 
with a cane. But you do get, that is 
moderate intensity for an 
individual…So I don't know if you're 
talking with people, give them credit 
for doing walking a shorter distance 
with their cane, or with their walker. 
That's a suggestion. (Participant 12) 

Personalized PA 
program (n=16) 

 Tailored to mobility 
and/or fitness level 

 Automated 
adjustments to 
exercises based on 
progress 

 I think that's what a lot of us, people 
with MS, we don't really have a plan, 
a customized individual plan. That 
would be really interesting if they 
could see that. (Participant 21) 
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 Guidance on 
progressing to 
meeting PAGs 

PA guidance and 
virtual resources 
(n=8) 

 MS-specific 
exercises and 
instructions on 
proper technique 

 Guidance on 
appropriate and 
alternative exercise 
equipment 

 Access to live 
exercise classes 

 I would actually like to see links to 
classes that'll be held that I can click 
on, and join the class remotely…Or, 
also maybe new classes that are 
coming local to my area that I might 
be interested in taking for physical 
activity. (Participant 3) 

 I like a picture and a description of 
what to do. Like I took my home 
program sheets that the PT gave me, 
and I laminated them and cut them 
and put them on a little ring so I can 
flip through them and see them 
every day. (Participant 14) 

 So, you've got to have access [to the] 
internet, TV, YouTube, Netflix videos, 
whatever exercise video you're going 
to do to get up to that aerobic level 
twice a week. (Participant 17) 

Activity 
monitoring and 
support (n=5) 

 Feedback and 
guidance based on 
app data provided 
in the user’s 
preferred format 

 It would be real helpful if there was 
like a weekly check-in for the people 
that are part of the program. You 
know, just whatever, a 10-minute 
call in number once a week, or 
whatever. Just say, "Hey, how you 
doing?" (Participant 3) 

 540 

  541 
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Table 3. Thematic analysis themes and subthemes regarding an application for supporting the 542 
Physical Activity Guidelines for MS. 543 

Theme Components 
Increase motivation 
to sustain usage 

 Proactive features such as reminders and suggestions as 
triggers to be more physically active 

Include evidence-
based content 

 Information backed by a solid scientific foundation 
 Information on the benefits of exercise 
 Include new information on MS exercise research 

Provide expert 
feedback 

 Incorporate monitoring of participant’s progress in meeting 
the PAGs 

Allow personal data 
management 

 Data privacy important 
 User control of personal data 

Note. PAGs = Canadian Physical Activity Guidelines for Adults with Multiple Sclerosis; MS = 544 

multiple sclerosis 545 

 546 

  547 
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Table 4. Key recommendations for the design and development of an application based on the 548 
Physical Activity Guidelines for MS. 549 

Engagement Features 
Tailored exercise prescription 

 Provide personalized exercise prescription stratified by user mobility and activity level and 
include questions to gauge users' current levels and adapt the program accordingly.  

 Include guidance on gradually working up to meeting the PAGs with detailed activities and 
demonstrations of proper techniques based on physical limitations.  

 Dynamically adjust the exercise prescription when needed based on user's mobility level, 
progress, symptoms (e.g., mood, fatigue, pain), and perceived difficulty. 

Customization 
 Tailor app to specific goals, needs, and preferences of the person with MS. 
 In communications, include the name of the person with MS to convey that the communication 

is designed specifically for them. 
 Allow for a certain degree of customization of features such as goals, frequency of aerobic and 

resistance exercise (and the ability to reschedule), timing and type of activity cues (reminders or 
notifications), use of an assistive device, and type of activity or exercise equipment. 

 Present activity and progress based on user preferences (i.e., user may like to see steps and 
duration but not distance). 

Positive reinforcement 
 Include basic gamification elements – for instance, a point system for activity within the app, 

rewards for completing exercise sessions, and encouraging messages when opening the app – to 
provide a fun and engaging experience.  

 Gamification elements should be carefully designed to ensure the feature does not seem childish 
or overly competitive and either include an option to opt out or have a secondary role in the app.  

Information Management Features 
Evidence-based education 
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 Include SCT and evidence-based modules with topics such as knowledge of the benefits of 
exercise in MS, tools for managing day-to-day activities, and the core determinants of SCT 
presented in interactive ways that include dialogue, text, video, and graphics. 

 For modules related to SCT, consider including topics such as strategies for increasing self-
efficacy, identifying outcome expectations, the benefits of self-monitoring, common MS-specific 
barriers to physical activity and strategies to overcome them, and identifying facilitators to 
exercise. 

 Adjust type and frequency of communication based on the user's level of change according to 
the stepwise implementation model. For example, providing more practical evidence of the 
importance of exercise for overall health in the module about the benefits of exercise in MS may 
increase the self-efficacy and subsequent physical activity levels of Level 2 persons with MS. 

Exercise library 
 Include exercises stratified by mobility and activity levels offered in a variety of formats including 

videos, pictures, and written descriptions.   
 Provide guidance on using various exercise equipment (e.g., free weights, household items) 

appropriate for people with MS. 
 Provide information on local resources related to physical activity including parks, facilities, and 

programs, based on the user's location.  
Privacy 

 Provide clear and easy-to-understand information on data security and privacy methods used. 
 Include transparent and customizable data sharing (e.g., with researchers, physical therapists, 

neurologists, and other healthcare providers) 

Functionality Features 
Data visualization 

 Include a simple and intuitive app interface along with instructions on how to use the app, 
explanations on interface specifics (e.g., explanation of what a graph represents), and specific 
action instructions (e.g., "Type the number of steps you took below"). 

 Monitor and present visual information on current activity (e.g., steps, distance, duration, and 
sets/repetitions), progress towards reaching the PAGs, and progress through time (e.g., weekly, 
monthly, and yearly historical data) using straightforward and visual forms (i.e., graphs, progress 
bars).  

 Provide interpretation of progress (e.g., weekly, monthly) relevant to the person with MS's goals 
and health concerns, highlighting the health benefits of sustained engagement in physical 
activity.  

Note. PAGs = Canadian Physical Activity Guidelines for Adults with Multiple Sclerosis; MS = 550 
multiple sclerosis; SCT = social cognitive theory 551 
 552 



PHYSICAL ACTIVITY GUIDELINES-BASED APP FOR MS 

33 

 

Figure 1. Example of the abstraction process. 553 

 554 

Sub-
category

Generic 
category

Main 
category

Desired app 
features

Engagement

Reminders to 
PA

Customization

Activity 
tracking

Positive 
reinforcement

Information 
Management

Evidence-
based content

Privacy

Functionality

Personalized 
PA program

Monitoring 
and support


	cover.pdf
	actual article.pdf

