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Abstract

Objective: Digital tools offer new ways of collecting outcome data in intervention research. Little is known about the poten-
tials and barriers of using such tools for outcome measurement in multiple sclerosis trials. This study aimed to examine
reporting adherence and barriers experienced by people with multiple sclerosis in an intervention study using three different
digital tools for outcome measurement.

Methods: This was a mixed-methods study conducted in the context of a randomized controlled trial. Data collected during
the randomized controlled trial were analysed to assess reporting adherence. Twenty-three semi-structured, in-depth inter-
views were conducted to investigate randomized controlled trial participants’ experiences.

Results: Reporting adherence was high for all three measurement tools, but lower in the control group. Four main barriers
were defined: (1) the self-monitoring aspect and repeated tests imbedded in the digital tools affected participants’ behavior
during the randomized controlled trial. (2) Self-monitoring caused some participants to worry more about their health. (3)
Passively collected data did not always correspond with participants’ own experiences, which caused them to question the
validity of the collected data. (4) Daily reporting using different digital tools placed a significant burden on participants.

Conclusion: The study indicates a high reporting adherence using digital tools among people with multiple sclerosis.
However, future studies should carefully consider the overall burden imposed on participants when taking this approach.
Measures should be taken to avoid the potential unintended effects of the self-monitoring and gamification aspects of
using digital tools. These measures could include passive monitoring, reducing the frequency of reporting and blinding par-
ticipants to their own data.
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Introduction
Multiple sclerosis (MS) is an incurable chronic disease. In
many cases, medical treatment can halt its progress and
accompanying symptoms can be treated medically.
However, disease-modifying treatments are only partially
effective and may cause several side effects.1 Many
people with MS (PwMS) receive treatments and engage
in activities to maintain functions and alleviate symptoms

such as fatigue, poor sleep quality, walking disabilities,
spasticity and cognitive challenges.2
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A wide range of interventions is comprised in studies
related to MS, however, methodological challenges have
been identified which can lead to issues concerning the
validity and precision of symptom data collected within
these studies. The lack of continuously collected data
from patients may entail an unnuanced picture of disease
and symptom fluctuation, distorting the research results
when applying pre–post design.3–5 Additionally, data valid-
ity could be compromised due to recall bias when perform-
ing studies on a patient group with severe cognitive
challenges.6

Ecological momentary assessment (EMA) has gained
currency over the past few years, not least within clinical
psychology.7–9 EMA aims to accommodate the above-
mentioned challenges by collecting data on subjects’
behaviour and experiences in real-time and in their
natural environments.10,11 Similarly, intervention studies
relating to MS must aim to accommodate methodology to
secure research that captures outcomes important to patients
from a daily perspective while simultaneously securing
high validity.12–14

New digital tools for data collection have been devel-
oped over the past few years, offering solutions to the chal-
lenges mentioned. Wearables have enabled passive data
collection relating to, for example, physical activity and
sleep, and have enabled daily reporting of levels of func-
tions and symptoms without imposing too large a burden
on participants.3,15–17 Moreover, the gamification element
often embedded in digital tools may positively impact moti-
vation and the response and reporting rates.16

Some research has been performed concerning the
usability of specific tools, as well as the validity of data col-
lected via such digital tools from PwMS.3,4,13–18 A minor
part of the research conducted within the use of digital
tools among PwMS has successfully focused on detecting
possible associations between various MS symptoms and/
or between MS symptoms and activities.12,14 Greenhalgh
et al.18 underline the potential of applying digital tools in
clinical MS trials but emphasize at the same time the
need for further research on study feasibility as well as
the utility of data for clinicians/researchers. However, the
minimal focus has in research been applied to the issue of
balancing, on the one hand, the researchers’ and clinicians’
wish for high data validity/high reporting adherence and, on
the other hand, the patients’ need for manageable demands
when participating in an intervention study. Hence, the
present study aims at investigating the overall potentials
and barriers when applying digital tools to capture repeated
measurements daily among PwMS.

Based on a separative mixed methods design, including
analyses of adherence and interview data, our research
question is as follows: which overall potentials and barriers
may be entailed by using daily data, collected via digital
tools, as outcome measures in an intervention study on
PwMS?

Methods

Study design

This study emerged from a randomized controlled trial
(RCT), where different types of digital tools were used to
collect outcome data. During the RCT, daily outcome mea-
sures were collected using three digital tools. Following the
RCT, this present post hoc study was conducted to investi-
gate participants’ digital adherence and their experiences
with daily use of digital tools. The post hoc study unfolded
based on comments from the participants, which inspired a
further investigation of the methodological implications of
using digital tools for data collection.

RCT study

A total of 28 PwMS participated in an 8-week RCT study.
The study explored the effects of a self-help mind-body
therapy called tension and trauma releasing exercises
(TRE), primarily on fatigue and secondarily on other
MS-related symptoms in PwMS. The recruitment process
and specific inclusion and exclusion criteria for the study
are described by Westergaard et al.19 The participants
were randomized into two groups. The intervention group
followed a TRE intervention facilitated by a certified TRE
therapist Supplementary to weekly sessions with the TRE
therapist, the intervention group participants were asked
to perform TRE daily at home. Other medications and
therapies were maintained during the study. Participants
in the control group did not receive any intervention and
were asked to continue their usual care.

Participants were introduced to three different digital
tools for outcome data registration: passive, test-based
and self-reported. This data collection method aimed to
collect data on a daily basis to obtain an overall insight
into the potential fluctuating effects of TRE. Participants
were asked to integrate the digital tools into their daily
lives in a way that felt most convenient to them.

MS patient-reported outcome tool. Participants were asked to
rate nine symptoms levels daily during the study period,
using a recently developed patient-reported outcome
(PRO) tool.20 The MS PRO tool is a questionnaire made
accessible via a smartphone app. The included symptom
items are fatigue, gait disturbances, spasticity, muscle
weakness, bladder and bowel dysfunction, pain, walking
difficulty and sensory disturbances. Daily levels regarding
all items are registered on an 11-point numerical rating
scale scoring from 0 to 10, where 0 represents the specific
symptom being non-existent and 10 represents the specific
symptom appearing in its worst possible form. All registra-
tions were blinded; hence, participants could not track pre-
vious registrations during the study.
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Floodlight Open. As explorative outcome measures, we used
the app Floodlight Open (FLO) as a test-based measure of
two daily hand and motor function tests (the pinching test
and the draw a shape test) and three daily gait and
posture tests (the static balance test, the five U-turn test
and the two-minute walk test). Additionally, they were
asked to answer one mood question to assess their per-
ceived overall state and perform a weekly cognitive test
(the information processing speed test). FLO has been
developed to continuously monitor MS progression and is
accessible via smartphones.21 Further details on the indivi-
dual FLO measurements are described by Midaglia et al.22

Participants had access to previous test scores from FLO so
they could monitor potential progress. FLO is still under-
going testing and validation, so the measurements were
considered explorative.22

Fitbit. Finally, all participants were provided with a Fitbit
Charge 3 smart watch to passively monitor sleep duration
and quality. Studies have shown promising results regard-
ing the accuracy of sleep-wake states and sleep stage com-
positions measured via previous editions of Fitbit.23

However, further validation is needed to fully assess its
reliability and potential to replace gold standard tests such
as polysomnography.23 For this reason, sleep quality mea-
sures were considered exploratory measurements in the
RCT. Fitbits also automatically record physical activity
measured as the number of daily steps and active
minutes; however, only sleep data from the Fitbit were
used for outcome measurement in the RCT study.19

Physical activity was not defined as an outcome in the
RCT study as it has seldom been emphasized by patients
as an experienced effect. Furthermore, measurement of
physical activity has shown to possibly entail a substantial
element of gamification among PwMS,24,25 which would
have added an undesired level of complexity to the study.
Fitbit allowed participants to view their data retrospectively
and thus track progress in sleep and activity levels.

Data collection

The present study includes quantitative data collected
through digital tools during the RCT study as well as qua-
litative data derived from interviews. The quantitative data
were used to analyse participants’ reporting adherence. The
qualitative methodology was applied to illuminate per-
ceived barriers and potentials for participants when using
different digital tools daily, thereby elaborating the quanti-
tative results regarding reporting adherence.

Quantitative data. We collected quantitative data from the
MS PRO tool, FLO and Fitbit for all 28 participants.
These data included the time and date for each registration
within all three digital tools.

Qualitative data. All participants in the RCT study were
asked to participate in an in-depth interview within a
month after completing the intervention. A total of 23 inter-
views with 12 participants from the intervention group and
11 participants from the control group were completed.
These 23 informants constituted 82% of the participants.
The remaining five participants from the RCT study were
unable or unwilling to take part in the interviews. No incen-
tives were provided to the participants. An interview guide
was developed and small adjustments were made during the
interview process. These adjustments primarily involved
ensuring that both barriers and potentials linked to the use
of wearables were articulated in the interviews. The final
interview guide can be provided by the authors on
request. The interviews were semi-structured, allowing for
unexpected themes to occur. Due to practical reasons, the
interviews were completed by four different researchers.
All researchers who interviewed the participants had a
background in the field of health care research and were
involved in the development and/or implementation of the
RCT study. All interviews were conducted in person. The
duration of the interviews was 20 to 45 min.

All interviews were audio-recorded with the partici-
pant’s consent. The study followed the European Union
General Data Protection Regulations. Written consent
from the participants was collected prior to the interview.

Data analysis

Overall approach. Following the epistemological landscape
suggested by Creswell and Clark,26 the study was carried
out as a mixed-methods study within a pragmatic world-
view. The pragmatic worldview is exploratory and it is
first and foremost characterized by focusing on research
questions asked rather than on methods. Hence, the research
process is oriented towards a dynamic application of
methods of data collection and data analysis, rather than
based on specific hypotheses or guided by specific prese-
lected theories.26 In the present mixed-methods study,
quantitative data originating from an RCT study, were com-
bined with qualitative data collected post hoc with the aim
of generating a deeper and more nuanced understanding of
the issue in question.

Descriptive statistics. The quantitative data were cleaned for
double registrations within the same date per participant by
assessing the exact time of the registration. Double registra-
tions occurred due to registrations past midnight, where the
digital tools recorded the registration for the following day
rather than the day the participant was referring to.
Therefore, the registration date was changed to the previous
day if no registration was recorded for the day in question.

The assessment of reporting adherence was inspired by
previous studies using daily measurements with similar
digital tools; reporting adherence for each participant was
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defined as the proportion of study weeks including at least 3
days of interaction with the digital tools.22,27 Descriptive
analyses of calculated adherence were reported for the
digital tools separately and combined. The latter repre-
sented the proportion of study weeks with at least 3 days
of interaction with all three digital tools. Due to a missing
FLO identification number from one of the participants,
only 27 participants were included when assessing adher-
ence within FLO as well as the overall adherence.

All statistical analyses were conducted using Stata/IC 16
and MS Excel 2010.

Qualitative analysis. Interviews were transcribed verbatim,
analysed and thematized using open coding. The coding
was inductive, following the overall exploratory approach
and performed after the data collection and separately by
authors KW and SBR. Themes generated from the coding
were compared, discussed and further analysed for possible
new themes until concurrence between the authors was
achieved. The thematic analysis was inspired by Nowell
et al.28 was conducted in striving towards their criteria of
trustworthy research. The characteristics of all participants
who were interviewed are presented in Table 1.

All coding was completed using the NVivo 12 software
package.

Merging of quantitative and qualitative data. A separative
approach was used for merging the quantitative and quali-
tative data. When applying a separative approach to
mixed methods, quantitative and qualitative data are col-
lected and analysed separately and integrated into the dis-
cussion of the results.29

Results
The characteristics of the participants from the RCT study
as well as interviewed participants are displayed in Table 1.

Reporting adherence

Regarding the overall adherence calculated as the propor-
tion of study weeks with at least 3 days of interaction
with all three digital tools, a clear tendency was detected
towards markedly lower overall adherence in the control
group. Hence, the average overall adherence was 81% in
the intervention group and 52% in the control group.

Table 1. Characteristics of participants.

Participants from RCT study Interviewed participants

Intervention group
(n= 14)

Control group
(n= 14)

All
(n= 28)

Intervention group
(n= 12)

Control group
(n= 11)

All
(n= 23)

Age

Years, mean (SD) 50.1 (6.4) 49.4 (8.6) 49.8 (7.5) 49.3 (5.9) 47.2 (7.1) 48.3 (6.4)

Range 39-62 34-64 34-64 39-59 34-55 34-59

Sex

Male n (%) 5 (35.7) 6 (42.9) 11 (39.3) 4 (33.3) 3 (27.3) 7 (30.4)

Female n (%) 9 (64.3) 8 (57.1) 17 (60.7) 8 (66.7) 8 (72.7) 16 (69.6)

Disease duration

Years, mean (SD) 9.3 (7.4) 4.4 (3.9) 6.9 (6.3) 8.5 (7.6) 4.1 (3.8) 6.4 (6.4)

Range 1-21 1-12 1-21 1-21 1-12 1-21

MS type

Relapsing-remitting MS n (%) 14 (100) 8 (57.1) 22 (78.6) 12 (100) 7 (63.6) 19 (82.6)

Progressive MS n (%) 0 (0.0) 6 (42.9) 8 (21.4) 0 (0.0) 4 (36.4) 4 (17.4)

RCT: randomized controlled trial; MS: multiple sclerosis; SD: standard deviation.
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The overall reporting adherence over time, illustrated in
Table 2 and Figure 1, demonstrated that the reporting adher-
ence was stable.

The adherence analyses regarding the three digital tools
separately indicated that the reporting adherence, calcu-
lated as study weeks with at least 3 days of interaction,
was generally high. This is presented in Table 3 as
average. However, the results indicated that adherence
was lower in the control group and for the FLO tool in
both groups.

The development in reporting adherence over time,
related to the three registration tools individually (Table
4), indicated that adherence was stable but consistently
lower in the control group. This tendency applied especially
to the FLO tool, where a fall in adherence over time was
detected. Adherence related to the MS PRO tool was high
and stable.

The results of the quantitative data analyses suggested
that reporting adherence was high and stable over time in
the intervention group. Adherence was lower in the
control group; especially, the FLO tool showed a lower
and less stable adherence. The quantitative data indicated
that the overall registration burden constituted a barrier,
particularly to the control group.

In the following paragraphs, the interview data are pre-
sented, allowing the elaboration of tendencies regarding
the adherence data.

Interview findings

Four themes were generated from the qualitative analysis.

Theme 1: self-monitoring affects behavior. About half of the
participants viewed the self-monitoring embedded in the
two tools, Fitbit and FLO, as an opportunity to obtain
further knowledge about their health and well-being.
However, especially participants from the intervention
group expressed how these new insights motivated health
behavior and elicited a competitive mindset.

Motivation derived from new realizations about symp-
toms, lifestyle and well-being. Participants found that self-
monitoring gave them new realizations about patterns
between symptom burden, lifestyle and well-being.

Figure 1. Overall reporting adherence over time.

Table 2. Overall reporting adherence over time.

Week 1
(%)

Week 2
(%)

Week 3
(%)

Week 4
(%)

Week 5
(%)

Week 6
(%)

Week 7
(%)

Week 8
(%)

Average
(%)

Intervention group 86 86 71 79 86 79 79 86 81

Control group 54 62 38 46 54 62 46 54 52

Table 3. Reporting adherence separately for the three tools.

Intervention group (%) Control group (%)

MS PRO tool 95 89

Fitbit 93 81

FLO 83 64

MS PRO: multiple sclerosis patient-reported outcome; FLO: Floodlight Open.

Westergaard et al. 5



Several participants especially showed interest in sleep pat-
terns obtained from Fitbit; however, insights into other
associations between behavior and well-being were also
valued by the participants.

I think it was scary. I could easily see a common thread;
when I got bad sleep, I also felt bad. I could also see a con-
nection with physical activity. The more physically active I
was, the better I slept. And the day and the mood were
better (female, 34 years, control group).

Participants described knowledge about these associa-
tions as an opportunity to be more conscious about their
sleep patterns and act to change these. Thus, self-
monitoring became a motivator for some participants,
who changed their health behavior based on Fitbit data.

I have been better to go to bed when I have time to go to bed
early […] I have been more conscious about not getting
enough sleep, and I also activated an alarm to notify me
to go to bed. So, I do not forget. In this way, I have also
used it [Fitbit] for something else than wearing it (male,
44 years, intervention group).

Nevertheless, some participants indicated, when asked
about how time-consuming the registration was, that the
motivational impact the Fitbit had at the beginning of the

study disappeared quickly, as they experienced a discrep-
ancy between their effort and the Fitbit results.

I think it was very motivating, but unfortunately it passed
quite quickly when I found out that it [Fitbit] did not
work. At first, I thought it was the coolest thing that I
could see how much I had moved … Even out just
walking. Until I discovered that Fitbit was not so stable
(female, 46 years, intervention group).

Access to test results elicited a competitive attitude. The
interviews illustrated that participants perceived the digital
clinical tests embedded in FLO as small challenges rather
than clinical tests to provide evidence for disease status.
This left participants in competition with themselves,
aiming to exceed the score from the previous day.
Participants described how they used the visible test
scores from FLO to follow their progress or lack of it.
Most of the participants stated that they saw an improve-
ment in their test results over time.

It has been … in fact, it has been a bit of competition with
myself, just to see if I could get better over time. So, it was
not just to perform these tasks, but constantly trying to get
better at them […] I have a feeling that I actually got better
with time at those exercises. And, particularly, I can see my
motor skills have been improved, especially during the
exercise where you had to squeeze the tomatoes. In the

Table 4. Reporting adherence over time.

Week 1
(%)

Week 2
(%)

Week 3
(%)

Week 4
(%)

Week 5
(%)

Week 6
(%)

Week 7
(%)

Week 8
(%)

Average
(%)

MS PRO tool

Intervention group 93 100 93 93 93 93 93 100 95

Control group 92 85 92 85 100 85 85 92 89

Fitbit

Intervention group 93 93 93 86 93 93 100 93 93

Control group 77 92 69 77 85 85 77 85 81

FLO

Intervention group 86 86 71 86 86 86 79 86 83

Control group 77 69 62 62 62 62 62 62 64

MS PRO: multiple sclerosis patient-reported outcome; FLO: Floodlight Open.
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beginning, I got about 20 within the time period. It got up to
almost 50 at the end (male, 51 years, intervention group).

However, according to some of the participants, these
improvements appeared to be limited to the specific tests
in FLO and were not rediscovered in their physical abilities
in daily life. The participants attributed the effects to the
routine and continuous practice of completing the test
daily and not to actual improvements.

It has not changed anything in my way of walking or stand-
ing. There are, of course, some of those exercises we have
done with Floodlight, where you walk and turn, where I
may have a feeling that I may have gotten better at it, but
in reality, I believe that it is because you do a routine and
you just get better at that routine, and therefore I really
think that is the effect (male, 53 years, intervention group).

Theme 2: self-monitoring can cause worry. Although several
participants were enthusiastic about the health information
acquired through Fitbit and FLO under some circum-
stances, these insights led to increased worries by a few par-
ticipants in both groups.

Some participants even mentioned that they tried not to
focus too much on the data because the new insights made
them worry too much about their health.

I hope it is more of a coping strategy than a repression.
I don’t have the strengths to think about MS every day. I
also think it [self-monitoring with Floodlight] is a way to
give it [MS] more space than I’m interested in (female,
45 years, intervention group).

Especially where FLO and Fitbit made them aware of
unhealthy lifestyle patterns, participants explained that
they found the newly acquired understanding of their
health situation to cause a disturbing stress response.

However, it is, or for me, it has been stressful after getting
the Fitbit watch, when knowing I don’t sleep enough.
Because if I didn’t have the Fitbit, I knew I didn’t sleep
so much. But I didn’t think it was a problem […] But it’s
not Fitbit’s fault or that you have to keep an eye on it; it
is more the understanding of one’s own situation or what
you should call it. Then, I’m being stressed because I’m
not sleeping enough (female, 50 years, control group).

Theme 3: discrepancy between data and experiences. As
mentioned in Theme 1, several participants described the
motivational impact of using Fitbit and FLO. Regarding
this, about half of the participants were curious about
whether the data from Fitbit and FLO matched their experi-
ences. Slightly more participants from the control group
experienced a discrepancy between their own experiences

and the Fitbit data, which led them to question their own
experiences and the data revealed by the digital tools.

The only thing I became mad about was the sleep one
[Fitbit]. I didn’t think it worked. When I slept like a
baby, it said I was wide awake. And when I sat down
reading, then it said I was asleep. So, I didn’t think it
worked. And I also believe it to be very optimistic with
counting steps (female, 46 years, intervention group).

Moreover, the participants explained that several times,
they had experienced that the data collected by Fitbit was
affected by various factors, for example, which hand the
smart watch was attached to.

It was actually a bit difficult to compare Fitbit and
Floodlight with how I felt. Sometimes, I think it was contra-
dictory because it did not quite recognize the numbers Fitbit
revealed (female, 50 years, control group).

Other participants described how they wanted to confirm
experienced symptoms on FLO. This was unsuccessful;
however, rather than ascribing the discrepancy to FLO,
the participants questioned their perception of symptoms.

Because I think I can’t use my right hand at all today, so it
was very interesting to be able to measure it on the app
[Floodlight] by drawing the figure or squeezing the toma-
toes. I think it has not been completely clear, but it may
be because of my own perception of the symptoms is differ-
ent than they are … It may also be that it measures some
things that are not so relevant, but it can also be that you
have some mental perceptions … No, I do not know, it
goes wildly bad today, but in reality, it is actually not that
big (female, 39 years, intervention group).

Theme 4: the burden of daily measurements affects
participants’ views on self-registration. Daily measurements
were by some experienced as stressful and a daily inconve-
nience. Some types of measurements were regarded as more
burdensome than others.

Daily measurements contributed to daily inconve-
niences. Many participants found it moderately stressful
to complete the intervention and measurements daily;
thus, they became a daily inconvenience. As illustrated
below, the daily measurements became time-consuming
and difficult to incorporate into daily life.

However, it has actually been a stress factor instead. […] It
quickly became an hour, and it was not easy to incorporate
into my daily life other than when the kids were asleep or
something. So, it has been a lot of time to spend on it com-
pared to howmy everyday life is like. (male, 44 years, inter-
vention group)
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The participants further mentioned that the feeling of
stress related to the daily measurements was not always
due to the time it took to register but because they felt
obliged to use all three digital tools. To a few participants,
the burden of the daily measurements became so strong that
the end of the study period was perceived as a liberation.

I want to say, when we stopped [using the digital tools], it
was a relief not to do it every evening. […] It does not take
long, but it was still a burden to actually do it. (female, 50
years, control group)

Moreover, participants viewed FLO as especially bur-
densome because it required more energy to complete daily.

I have registered in yours every day [MS PRO tool], but
there have been days where I have not had the energy to
complete Floodlight. And I was totally hooked when I
began the study. (male, 54 years, control group)

Some types of measurements were more burdensome
than others. Participants emphasized that some tests, espe-
cially those from FLO requiring them to get up or leave the
house, were challenging to incorporate into daily life.
Particularly, the two-minute walk was described by partici-
pants as difficult to incorporate into everyday life and the
test was perceived as more inconvenient than many of the
other tests.

Sometimes I missed it, especially the two-minute walk test
Because you need to be outside… and if I already got home
from work and up on the fourth floor. Then it became…
well, not today. (male, 44 years, intervention group)

Moreover, the FLO tests were viewed as too monoto-
nous, contributing to a lack of motivation to continuously
complete the tests daily.

It [Floodlight] was too repetitive when doing it every day. It
was fine when it was just once a week, and I think more
assignments could be added, so you only completed them
once a week. It got annoying to run around the same two
chairs every day. It was so backbreaking that I didn’t
want to do it. Well, I did it anyway, but I was tired of it.
(female, 55 years, control group)

Participants explicitly outlined FLO as the most burden-
some of the digital tools used, whereas no participants
explicitly ascribed any burden to Fitbit or the MS PRO tool.

Discussion
The purpose of this study was to examine potentials and
barriers to using daily data, collected via digital tools, as
outcome measures in an intervention study on PwMS.

The study used a separative mixed methods approach and
data derived from an RCT using passive, test-based and
self-reported measurements for outcome data registration.

The quantitative data suggested a high and stable report-
ing adherence in the intervention group regarding all three
measurement types. Conversely, adherence in the control
group was lower and less stable, especially regarding the
overall registration burden. The qualitative analysis illumi-
nated barriers and potentials of using digital data collection
tools as viewed by the study participants. The findings indi-
cated that self-monitoring via digital tools provided partici-
pants with new insights into their health and well-being. In
some cases, self-monitoring elicited a competitive mindset
in participants, primarily in the intervention group, and
motivating behavior change unrelated to the RCT interven-
tion. For a few participants, self-monitoring also led to con-
cerns about health and well-being. Many participants found
it burdensome to incorporate all the reporting activities into
their daily life, especially the functional tests from FLO and
not least due to the requirement of specific physical perfor-
mances linked to the registrations. Some participants, pri-
marily in the control group, found the registration
stressful. Finally, some participants – from both groups –
experienced discrepancies between their own experiences
and registered data from some of the digital tools.
However, such discrepancies did not seem to affect mark-
edly their adherence to wearing the devices and/or accom-
plishing the registrations.

Reporting adherence and burden in relation to daily
measurements

It is known that missing data can lead to potential bias. In
both blinded and unblinded RCT studies, missing data
occurs if subjects drop out of the study or if subjects from
one group are more likely to be compliant.30,31 The
present study suggests that digital tools may contribute to
a high and stable adherence; however, the quantitative
and qualitative data also indicate that adherence was
lower in the control group, especially if the overall registra-
tion burden was high.

Studies using daily measurements emphasized strengths
as well as limitations related to reporting adherence and
reporting burden. Speier et al.32 found high adherence
and low attrition in their study of cardiac patients when
using activity trackers. Based on their review on physical
activity measurements related to cancer and chronic respira-
tory disease, Maddocks et al.33 found adherence challen-
ging and reported mixed effects from physical activity
interventions based on, for example, pedometers.
Tsianakas et al.34 reported barriers related to adherence
and registration burden in community-based walking inter-
vention studies on metastatic cancer patients using ques-
tionnaires and pedometers. For both the questionnaire and
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the pedometer, the authors experienced low adherence in
the control and the treatment groups. Particularly, the
study participants described the daily questionnaire as bur-
densome and time-consuming.34 The present study sup-
ports the complexity found in the literature when
evaluating the use of digital tools for data collection, indi-
cating high adherence and low attrition as well as a high
registration burden, particularly linked to comprehensive
tests.

The present study did not find that participants experi-
enced a burden regarding using Fitbit for daily measure-
ments, suggesting an interesting potential in passive data
collection. However, studies have emphasized that although
digital tools as pedometers and Fitbits can measure daily
activity passively without input from the participant, they
can still entail adherence barriers. Results from a cohort
study of older people suggested that studies using wear-
ables to monitor daily activity levels should be designed
as short-term studies to maintain high adherence and
obtain reliable data.35 Maddocks et al.33 argue that mea-
surements from wearables such as Fitbit may underestimate
physical activity compared to validated accelerometers and
may overestimate sleep duration compared to sleep moni-
tors. This perspective is supported by our findings, as
some participants experienced a discrepancy between
Fitbit data and their perception of sleep and physical activ-
ity. Maddocks et al.33 suggest that a combined approach
using both objective and subjective measurements is
required to make data more reliable. A non-peer-reviewed
report on experiences of PwMS with wearables in
Denmark emphasizes that lack of confidence in the validity
of wearables may lead participants to discontinue their
use.24 However, our overall mixed methods findings indi-
cated that the discrepancy between the participants’ percep-
tion and the data showed on the Fitbit did not markedly
affect the registration adherence among the participants in
this study. This may partly be due to a feeling of obligation
towards the research project, or a questioning of the accur-
acy of own observations but it may also represent a prag-
matic approach towards data accuracy in self-tracking
among the participants. Observational studies covering a
more extensive period of time may elucidate this issue
further.

Implications of self-monitoring

Using digital solutions with an element of gamification is a
focus within MS rehabilitation, as these make physical
training less tedious and increase motivation to perform
exercises.36 However, when used for data collection in
intervention studies, gamification in digital tools may con-
stitute a challenge if the aim is to objectively measure
changes in functioning over time. Regarding the FLO
tool, participants expressed a wish to compete with them-
selves to increase their test scores. In a controlled trial, a

training effect pertaining to the outcome measurement
instrument should be equal in both groups and thus
should not lead to overinterpretation (a false-positive
result) of the intervention effects. However, it may cause
outcome measures to be less sensitive to changes caused
by the intervention and thus could lead to ‘false negative’
results.37

The Fitbit allowed participants to monitor their sleep
data continuously. Analyses of the interviews indicated
that these self-monitoring motivated participants to
change their behavior by, for example, going to bed
earlier to achieve better sleep quality. Studies have shown
that self-monitoring with wearable devices may benefit life-
style change and disease management.25,38 However, in this
intervention study, behavior change resulting from self-
monitoring was not an intended effect. If the participants
change health behavior due to self-monitoring, the
changes observed in the data could reflect these behavioral
changes rather than the studied intervention. This may
entail implications for the interpretation of study results
similar to those described regarding gamification. In the
light of this finding, interpretations of the results from the
RCT19 based on Fitbit data (sleep duration and sleep
quality) have been interpreted with caution as Fitbits were
not blinded to the participants – this implication was not
fully anticipated. Blinding is one solution to the challenges
described above; by applying blinding to the data collection
tools the aspect of self-monitoring could be limited among
the participants. One possible disadvantage entailed by this
solution is that blinding participants may have the adverse
effect of decreasing adherence, as the interviews indicated
that the gamification and self-monitoring elements
increased participants’ motivation to use the tools.
However, the quantitative results show that among the
three digital data collection tools, the MS PRO tool,
which did not have a self-monitoring component, showed
the best reporting adherence. This may indicate that con-
tinuous access to registered data is not necessarily essential
for reporting adherence. However, it should be considered
that participants in the present study had access to registered
data from the Fitbit and the FLO, which might have accom-
modated the need for access to data.

New ethical considerations. Using daily measurements in
research may entail ethical considerations. The present
study indicates that some participants experienced continu-
ous access to data regarding their health as challenging.
Similar barriers were described by Andersen et al.38 in a
study on cardiac patients’ experiences with wearable data.
In this study, access to data on physical activity-induced
concerns and anxiety in some participants, indicating com-
plexity in such data experiences of people with chronic
illness. A non-peer-reviewed report on experiences of
PwMS with wearables also articulates the potential barriers
embedded in access to daily measurements of health status
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for participants who do not have the qualifications to under-
stand and act on the data. The study emphasizes the need for
support for these patients.24 Andersen et al.38 further
suggest that patients may struggle to understand and act
appropriately on wearable data, questioning the ethical jus-
tifiability of enrolling patients in studies using outcome
measures that provide health status information without
offering them the opportunity to discuss these insights
with a health professional. In a paper on the application
of wearable technologies in MS, Brichetto et al.39 stress
the need to appropriately educate patients engaged in
research trials involving using wearable technologies on
the physiopathological mechanisms of MS to help them
interpret changes and patterns in the data. Brichetto
et al.39 suggest that lack of appropriate education might
cause PwMS to pursue unsafe coping strategies. Some par-
ticipants in the present study referred to stressful situations
when having to act on data from the daily measurements
without experiencing any effects of their effort.
Furthermore, for a smaller number of participants in this
study, the availability of daily measurements constituted
an unwelcome increased attention to MS in daily life.

Moreover, it may be important to consider the burden
caused by daily measurements for research participants.
Using daily measurements may impose new expectations
on research participants, as they must report data fre-
quently. The qualitative results in this study indicate that
some participants experienced stress relating to the overall
burden of daily measurements. Hence, some of the partici-
pants referred to the measurements as time-consuming,
especially when they were also asked to learn and integrate
a new self-care intervention in their daily lives; however,
this experience was not shared by all. The results of a
recent preliminary study investigating the perceived
burden of PRO measures for people with chronic pain indi-
cate that less frequent measurements are less burdensome:
weekly measurements less burdensome than daily and
daily less burdensome than twice daily measurements.40

Therefore, a better understanding of the acceptable burden
threshold for PwMS is needed to apply digital tools to
data collection in research. This threshold may depend on
patients’ disease status, health literacy and the intervention
in question.

Strengths and limitations. The main strength of this study is
that the qualitative interviews were designed after the RCT
study and thereby inspired by participants’ remarks during
the study. Another strength is that both qualitative and
quantitative data have been used in the study to explore
the research question. Integrating both kinds of data
makes it possible to generate knowledge that quantitative
or qualitative data could not have produced indepen-
dently,41 for example, linked to the finding of experienced
discrepancies between experiences and registered data not
leading to low adherence. A relatively large number of

interviews were conducted (82% of the population from
the RCT study), why the findings may be regarded as repre-
senting a wide range of patient perspectives. The credibility
of the qualitative analysis was enhanced by the involvement
of multiple researchers, who reached a consensus regarding
the themes identified.42 However, a limitation of the study
may be entailed by the interviews being conducted by
several different interviewers, potentially compromising
the uniformity of the interviews. Although the interviews
were based on a semi-structured interview guide, the varia-
tion in interviewers may have affected the credibility of the
qualitative findings.42 The transferability of the findings
was improved by displaying the characteristics of the parti-
cipants and explaining the context of the study setting.
Agreement between the authors among the generated
coding demonstrated the dependability of the study.

Three different types of digital tools were included for
daily measurements: passive, test-based and self-reported,
which constituted a strength of the study, as it allowed com-
parisons regarding adherence and registration burden.
However, many tools exist with different modes of admin-
istration and degrees of participation; thus, the findings in
this study are not applicable to all types of daily measure-
ment tools.

The analyses regarding reporting adherence were based
on calculations of weeks with at least 3 days of interaction,
which may result in a broad variation of interaction.

Conclusion and future directions
Digital tools can generate useful daily data regarding symp-
toms and functions for PwMS; a high and stable reporting
adherence in the intervention group regarding all three
types of measurements was found, whereas adherence in
the control group was lower and less stable, especially
regarding the overall registration burden. However,
several barriers exist regarding integration into daily life
as well as motivation factors. The latter aspect may ulti-
mately affect the interpretation of the outcome data.

Future use of digital tools to collect outcome data in
intervention studies related to MS may benefit from
acknowledging the potential in acquiring daily data. Such
data may enrich the comprehensiveness of the outcomes
achieved, not least strengthening the integration of partici-
pants’ experienced outcomes. However, future use of
digital tools in intervention studies could also benefit
from carefully adjusting the overall registration burden to
the specific group of participants, considering the partici-
pants’ resources regarding energy and cognitive capacity
and the risk of evoking concerns regarding health status
and functionality. This latter aspect is especially relevant
when conducting studies on people with a progressive
illness. The possibility of reducing the reporting burden
by limiting registrations to every second or third day
rather than every day, or by applying several limited

10 DIGITAL HEALTH



registration periods rather than an entire study period,
should be considered. Future use of digital tools in interven-
tion studies should involve consideration of possible ele-
ments of gamification. While such elements may
strengthen the adherence, they may simultaneously com-
promise data quality due to motivation factors that are ques-
tionable within a research context.
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