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Abstract

Introduction: Long-term conditions are a major burden on health systems. One way to facilitate more research and
better clinical care among patients with long-term conditions is to collect accurate data on their daily symptoms (patient-
generated health data) using wearable technologies. Whilst evidence is growing for the use of wearable technologies in
single conditions, there is less evidence of the utility of frequent symptom tracking in those who have more than one
condition.

Aims: To explore patient views of the acceptability of collecting daily patient-generated health data for three months using
a smartwatch app.

Methods:Watch Your Steps was a longitudinal study which recruited 53 patients to track over 20 symptoms per day for a
90-day period using a study app on smartwatches. Semi-structured interviews were conducted with a sub-sample of
20 participants to explore their experience of engaging with the app.

Results: In a population of older people with multimorbidity, patients were willing and able to engage with a patient-generated
health data app on a smartwatch. It was suggested that to maintain engagement over a longer period, more ‘real-time’ feedback
from the app should be available. Participants did not seem to consider the management of more than one condition to be a
factor in either engagement or use of the app, but the presence of severe or chronic pain was at times a barrier.

Conclusion: This study has provided preliminary evidence that multimorbidity was not a major barrier to engagement
with patient-generated health data via a smartwatch symptom tracking app.
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Introduction

Long-term conditions (LTCs) affect one in four people in
the UK, often requiring life-long management, and ac-
counting for 70% of the health service budget.1,2 Addi-
tionally the number of people suffering from multiple
LTCs (multimorbidity - MLTC-M) is rising globally. In
the UK, around two-thirds of people aged 65+ are thought
to have MLTC-M.3 Patients with MLTC-M face partic-
ular challenges in managing their conditions and inter-
acting effectively with services, and often report poor
outcomes.4,5

The Academy of Medical Sciences identified a number
of research priorities to meet the global health challenge of
MLTC-M.6 These include exploring the potential use of
consumer technology (such as smartphones and wearables)
to monitor symptoms of people living with MLTC-M (so-
called patient-generated health data - PGHD).

When integrated into patients’ daily lives, smartwatches
provide an opportunity to collect both regular symptom
data and continuous objective measurements via sensors
using a single wrist-worn device. This provides a potential
foundation for (a) self-management through symptom
tracking (b) supporting clinical care by integrating PGHD
into clinical systems and (c) population health research
by measuring changing disease states over time, com-
plementing existing data sources such as health rec-
ords.7-10 It is the third function that is the focus of the
current paper.

Previous literature shows that patients with particular
LTCs are willing to collect PGHD.11 However, people with
MLTC-M face particular challenges. MLTC-M requires
monitoring of more symptoms (and greater burden of data
entry) and people may have reduced capacity for engage-
ment due to the complexity of their health problems
(‘disease burden’) and their extensive interactions with
services (‘treatment burden’). It is still not clear if the
outcomes from studies which focus on single LTCs can be
applied in MLTC-M.

Watch Your Steps was a feasibility study to co-design
a system for collecting PGHD in MLTC-M, and to ex-
amine the feasibility and acceptability to patients of
collection using a smartwatch app for research. The
quantitative results have been reported.12 This paper
explores patient views of the acceptability of collecting
daily PGHD for three months using the smartwatch app,
and identifying barriers to and facilitators of ongoing
engagement.

Methods

Study design

Watch Your Steps study was a mixed methods feasibility
study, and is described in more detail in the main paper.12

The current paper reports the results of the qualitative
study.

Study population

Up to 60 patients aged 18+, with at least two clinician-
diagnosed LTCs were eligible to participate, with a sub-
sample of 20 selected for interview. Due to our interest in
tracking physical activity, bedbound or housebound par-
ticipants and those who lacked the capacity to provide
informed consent were excluded.

Participant recruitment

All participants recruited to the trial were asked for consent
to be contacted to take part in an interview about their
expectations and experiences using the smartwatch
app. During the recruitment process participants were made
aware that only a sub-sample of up to 20 participants would
be contacted for interview. All participants consented to be
contacted, those selected for interview were contacted again
prior to interview to ensure they were still interested in
taking part. The aim to interview 20 participants formed part
of the original study protocol and was thought to be suf-
ficient to explore the range of issues around app usage.

Participants were selected to ensure they represented a
range of characteristics including age, gender, ethnicity and
number of LTCs. We did not purposefully select those with
higher levels of engagement and the interviewer did not
know what the levels of engagement were for each par-
ticipant at the time of interview. We compared demographic
and usage characteristics of the subsample with all par-
ticipants after participation, to ensure they were similar.

Aims

The aim of the interviews was to enable insights into the
feasibility and acceptability of data collection through the
smartwatch in a sample of patients with MLTC-M, and to
help identify barriers and facilitators of ongoing
engagement.
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Interviews

Interviews were thought to be the most appropriate method for
collecting data as we wanted to collect each participant’s
personal experiences of using the app to collect PGHD. To
facilitate this, a semi-structured interview schedule was de-
veloped to ensure key areas were discussed. Box 1, below
details key topic areas. The process was iterative, and all
participants were asked if there was anything further they
wanted to raise that had not already been covered. This al-
lowed for the interview schedule to be amended where needed
to include new themes or to explore issues in more detail.

Baseline interviews were conducted face-to-face with
20 participants between Dec 2019-May 2020. End-of-study
interviews were carried out at three months (post on-
boarding) with the same sub-sample. Fifteen interviews
were completed remotely via telephone, two via Zoom, and
one was completed face-to-face, with a total of 18 end-of
study interviews completed between Feb-July 2020. An
encrypted audio recorder and earpiece adaptor were used to
record telephone and/ or Zoom interviews, a USB connector
was used to securely transfer the data. All onboarding events
and interviews were conducted by an experienced qualitative
research associate, NS (female), using semi-structured in-
terview schedules. The interviewer had no prior relationship
to participants prior to study commencement.

Box 1- Topic areas for interviews

The areas for interview at the end of the study
included:

· How their health had been since they last met
the interviewer

· Participants’ experiences of responding to
questions in the Watch Your Steps app

· Whether condition specific questions were
appropriate to their LTCs

· Participants’ views about the data collected
in the background by the watch sensors

· Whether tracking participants symptoms and
activities was useful

· Any technical or other issues the participant
found while using the app

· Participants’ views on using this device/app
over the longer term.

The WYS app

The app was pre-loaded onto Fossil Sport smartwatches,
with other smartwatch apps disabled to optimise battery life.
Participants were asked to select from six disease areas, all

those which were applicable. The disease areas were (a)
bone, joint or muscle (b) skin (c) heart or lung (d) stomach
or bowel (e) kidney and (f) mental health. Each area had
organ-specific symptom questions, asked at varying inter-
vals throughout the day, alongside generic health questions
(single questions each on: sleep, wellbeing, pain, mood,
fatigue, stress and function). Active tasks included: ‘Sit
stand test’ (Sit down in a chair, fold your arms across your
chest, then stand up and sit down twice); ‘Walk, turn and
return test’ (Walk ten steps forwards, turn around, and walk
ten steps back’); and ‘Tap test’ (How many times you can
tap the screen in 5 seconds).

Five times a day (8am, 12pm, 4pm, 6pm, 8pm), the app
provided an alert about question sets due for completion. In
addition, participants were able to answer any of the
questions at any time point if they wished to record a
particular symptom. An active task request showed on the
watch once per day on three days per week. It was antic-
ipated that total time for completion of question sets and
active tasks would not exceed five minutes per day, spread at
intervals. For full details, see the main paper.12

Data were collected seven days a week for 90 days. This
time period was thought to be long enough to see variation
in symptoms, and a reasonable test of endurance and sus-
tained engagement. There was no feedback of data during
that period due to resource constraints in the development of
the smartwatch app.

Qualitative analysis

Audio-recorded interviews were transcribed verbatim. The
anonymised transcripts were then imported into Nvivo
12 pro13 for analysis. CK conducted thematic analysis
drawing on techniques of a grounded theory approach in-
cluding open coding to develop initial themes, and an
exploration of relationships between themes and across
cases using constant comparison. A number of a priori
themes were identified (see box 1) as key to understanding
acceptability in this population. Within those general
themes, the categories or sub-themes were identified in-
ductively as emergent from the data. A map of themes was
created to help draw links between sub-themes and to de-
velop the overarching themes. CK met regularly with the
wider team to discuss the analysis.

To further explore differences in engagement found in
the quantitative study we looked at whether the levels of
engagement and lived experience of using the Watch Your
Steps app were the same for all participants. We wanted to
see if there were differences for older participants or those
with a greater number of LTCs. To explore this, participants
were split into age groups <60 (n=13) vs ≥60 (n=7),
and <3 LTCs (n=15) vs ≥3 LTCs (n=5), and comparative
analysis conducted to see if either of these factors influenced
engagement or experience.
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Ethical approval

The study received a favourable NHS REC opinion and
HRA approval (19/WM/0307).

Results

In total, 62 people were screened for eligibility, 53 (85%)
were onboarded and 20 completed baseline interviews.
Eighteen follow-up interviews were completed (one face-to-
face, the rest telephone/online) and used in this analysis as
these provided participant experiences and feedback on
using the system. Follow-up interviews were conducted
between February-July 2020, and ranged from 27 to
70 minutes (mean 50 minutes).

The demography of the interview sample was similar to
the total sample except for gender and engagement. Female
participants made up half (n=26) of the total sample but only
7 interviewees (35%). Those who were interviewed had a
higher overall response rate compared to the total sample,
with the overall group averaging 54.0 correct responses
compared to 61.4 for the interview sample (Participants had
a 2 hour window to complete their responses following the
prompt on the app, to be considered ’correct completion’).
Table 1

Engagement with WYS App

To explore possible barriers to engagement, we looked at
how easily participants were able to fit the data collection
process into their daily routine. The majority reported
finding the watch easy to use and to develop a routine for
using it:

“Because after the initial first week or so it just became so
normal for it to be there, it just became part of the routine. And I
didn’t really then give it much thought” (9658, M, 50-59,
2 conditions)

Physical obstacles (such as pain) which are discussed
later, were the only real barriers reported to impact some
participants ability to complete tasks. However, this was not
reported to be a direct result of the apps useability or
participants willingness to use it. To further explore en-
gagement, participants were asked to think about the
number of alerts they were receiving each day and the
number of questions or tasks within each of those alerts, to
gage the level of burden participants may have felt.

Number of alerts per day

Participants received five alerts, seven days a week. The
majority were happy with the number of alerts, accepting
the need to collect sufficient data. The time intervals were

also generally thought to be convenient. However, a small
number reported that the timings did not fit in with their
daily routines. They suggested that this might be something
people could personalise at set up, selecting what times
would be convenient for them:

“Yeah. It did it several times a day, I think it’s what is it, eight
o’clock, twelve o’clock and four, something, and then again
eight at night, but they’re all convenient times when you’re
actually breaking from what you’re doing.” (5262, M, 60-69,
4 conditions)

Not everyone thought the number of alerts was appro-
priate. For example, one older participant reported frus-
tration at having to answer the same questions each time.
However, it is possible that this may be due to repetitiveness
of the questions rather than the frequency of the task:

“I found it frustrating having to answer questions so frequently.
It seemed like one would come up and I’d think to myself I only
answered that like half an hour ago. In reality it was probably
two hours, but the same question, ‘How is your pain at the
moment’ or ‘How are your stress levels’ or whatever.” (5454,
M, 60-69, 4 conditions)

Conversely another participant commented on the fact
that they had expected more prompts and more questions
(however this person withdrew after just 7 days due to a skin
reaction to the watch):

“I think I expected a bit more involved rather than just a few
simple questions four times a day over 16 hours.” (4489, M, 50-
59, 1 condition)

Table 1. Demographic details of interviewed sub-sample.

Characteristic Categories Number (%)

Age group 18-29 2 (10)
30-39 2 (10)
40-49 3 (15)
50-59 6 (30)
60-69 4 (20)
70-79 3 (15)

Gender Male 13 (65)
Female 7 (35)

Ethnicity White 17 (85)
Mixed or non-white 3 (15)

Number of disease areasa 1 7 (35)
2 8 (40)
3 2 (10)
4 2 (10)
5+ 1 (5)

aAll participants were confirmed as having two or more LTCs during
eligibility screening. The number of pre-specified disease areas refers only
to the specific, named organ systems listed above.
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Whilst the majority were happy with the frequency of the
alerts, personalisation that allows participants to tailor the
number and timings of the alerts each day may improve
long-term use for others.

Number of questions/tasks per alert

Each participant received a different number of questions
within those tasks according to their LTCs (for example,
someone with joint and heart conditions would on Monday
answer 14 ‘generic’ questions, one active test, plus 7 organ-
specific questions, a total of 22 tasks). Most participants
reported that they were happy with the number of questions/
tasks but some noted they had expected more in a research
study, to collect as much data as possible:

“Just the way the alarm went off and you do your three or four
[questions] you think, well, you know, is that it?” (4489, M, 50-
59, 1 condition)

However, it is noted that these participants only selected
one disease area to monitor, and thus had a lower number of
questions than some other participants. Overall, participants
did not seem to find the level of input required burdensome:

“And I didn’t find them intrusive at all. Once you get into the
habit of doing them you become used to doing them bang,
bang, bang, dead easy. I found it really simple to do. It wasn’t a
bind. I didn’t feel as though it was a chore at all”. (9658, M, 50-
59, 2 conditions)

Appropriateness and accuracy of the questions. The majority
reported that they found the condition-specific questions
appropriate to their LTCs and no one suggested any specific
questions that were missing:

“It covered my symptoms and my problems well. Whether that
would be the case for others I can’t comment because I don’t
know what other people’s issues would be. But for my
symptoms and my problems I thought it was good.” (9658, M,
50-59, 2 conditions)

However, there were a few participants who felt that
rather than adding other questions, it would be useful if you
could remove some symptom questions which, although
often associated with a condition, they might not experience
themselves. For example, one participant had psoriasis but
did not experience itching and so was having to input ‘0’
several times a day which caused annoyance as they felt no
useful data would come from it:

“Yeah, they were all perfectly okay. But there’s one that…I
mean I answered it, but it was all about itch. I don’t have any
itch, so it was an irrelevant information thing, because you’re

always going to get what was the daily itch, not bad, what was
the average itch, not bad. It’s a nonsense, I don’t know why I
got that question.” (5262, M, 60-69, 4 conditions)

Another participant expressed irritation at having to
respond about bowel movements when they did not feel
they had any problems in this area, despite their stomach
condition:

“Well, the only other thing that I think, it should be a bit more
tailored to the individual, instead of all these sort of spurious
ones, like bowel movements. So, if you have no real problems,
underlying problems with your digestive system or anything
like that, I can’t really see the need to [answer that]...” (8010,
M, 70-79, 2 conditions)

There was some concern that the questions were too
general and they were unable to specify whether a symptom
was related to one or another of their conditions. Some felt
that without any specificity or ability to clarify answers via
free text, the technology might not capture an accurate
reflection of someone’s condition.

“Well, from a personal point of view, if it was a bit more specific
perhaps to your actual joints. Perhaps it should’ve said, ‘are
your joints stiff’ or are your whatever stiff today or, you know,
that sort of thing. There is a general one, stiffness, but that’s, if I
recall correctly, it’s to do with sort of getting out of bed in the
morning, how stiff you were, whether you could get out of bed
without falling on the floor and that sort of thing. But for a
specific illness such as arthritis, it might be better to aim at, you
know, the sort of main joints that you would expect people to
struggle with.” (8010, M, 70-79, 2 conditions)

Another participant discussed how it is not always
enough to record one factor of a symptom:

“Well, if I’ve had a flare up and the flare up had been itching I
would have reflected that in the scale that the itch had. But what
I couldn’t reflect was any changes in the look of the rash,
because that’s very specific, I would think, it’s in my right hand
or my left leg, is that too specific to be able to do, I don’t know.”
(6578, F, 60-69, 1 condition)

Participants had high expectations for the specificity of
symptom questions. Whilst it was reported there was
nothing specific missing from the questions, again partic-
ipants wanted the ability to tailor or remove questions re-
lating to symptoms they did not personally experience. The
ability to clarify or expand on some symptoms was also
thought to be more useful for some participants.

Data collection period and long-term use. We also queried
participants on the three month duration of data collection.

Kenning et al. 5



Most reported that they did do this with the exception of one
participant who had to stop wearing it after one week due to
skin irritation. Some were happy that the three months was
sufficient to give an accurate picture of their symptoms:

“I think three months should be okay, just for myself, three
months is okay, is the right timeframe to answer those ques-
tions.” (8921, F, 40-49, 1 condition)

However, a few did reflect that they experienced seasonal
differences in symptom levels or that ‘flare-ups’ of
symptoms could occur at random times and that this had not
been captured in the 3 months. Measuring longer term
changes with a view to remission of some conditions was
identified as a key factor for some:

“With a condition like mine I can be stable for three, four, five,
six months, no problems, and then all of a sudden crash. I was
saying I’m always three days away from being in hospital,
because I can crash that quickly. If I go downhill it’s like
overnight it can be. For my condition I think it would have to be
12 months minimum.” (9658, M, 50-59, 2 conditions)

A small number of participants reflected that they were
happy to complete the study but would not want to use the
app for a prolonged period. Another participant linked the
lack of ‘real time’ feedback to the length of time they would
be willing to wear the watch:

“Definitely…it was fine, I was starting to get really bored with
it after 90 days. If you were getting more out of it, I’d be more
happy to keep going.” (4987, M, 50-59, 2 conditions)

This indicates a tension between the need for long-term
use to accurately reflect changes in LTCs with the burden
that is associated with that. Increased interactivity and
feedback from the app may help to engage users for longer
periods.

Barriers to engagement. Three factors were raised as barriers
to engagement in both the short and longer term: (a) re-
petitiveness of the questions, answers and scores they were
inputting (b) that the active tasks were too easy (c) that there
was no immediate feedback meaning that it could not be
used for self-monitoring.

Repetitiveness

A key issue for research is whether people will stay en-
gaged and actively input data even when their symptoms
are stable. The repetitive nature of the answers during this
time can be a barrier, as participants need to understand
(and research teams need to be clear) that to create an
accurate reflection of their daily symptoms there does not

need to be variety in their responses. This was evident in
some cases:

“Yes, I just felt like, you know, not to sound harsh but an-
swering the same questions just did feel a little bit tedious. I was
there for a while so it made me feel like sometimes not wanting
to answer the questions.” (1224, F, 18-29, 1 condition)

Some participants were concerned that lack of variation
in their responses would not provide the research team with
‘interesting’ data.

“Not really. You don’t do it that many times a day that it’s
intrusive. It’s me thinking about what it was, the value of what I
was doing, well, you’re not giving them any variation here. But
there again you’re not supposed to invent variation either, are
you?” (5262, M, 60-69, 4 conditions)

However, for many, the fact that they were taking part in
research meant that they remained engaged:

“I think I was coming from an angle where I’m conscious that
this is a study so, it’s just part of the study. So I’m not going to
get bored of them because I want to give you the best infor-
mation as I can. But I can understand why people have said that
that you knew what questions were going to come up. But I
don’t think that changed how I answered any of the questions.”
(8778, F, 30-39, 2 conditions)

Active tasks

Most participants reported completing the active tasks
regularly at the beginning but that it reduced over 12 weeks.
Of the three active tasks, the ‘tap test’ (which was novel to
the app and gave immediate feedback in terms of a score)
was enjoyed most. The ‘sit stand test’ and ‘walk, turn and
return test’ were perceived to be more difficult because they
were not always convenient:

“They were fine. I think the tap test, I always did that. The
walking one I sometimes found difficult because of where I was
and what I was doing because it wasn’t always appropriate for
me to do that but when it was I did do it.” (8778, F, 30-39,
2 conditions)

Other participants expressed uncertainty around the
purpose of the active tests:

“Yeah. I think it’s a similar thing to the data, I didn’t know the
reason or it was hard to know what I was supposed to be doing.
‘Your best time on the sit, stand was one second’. So does that
mean it was being used as an indicator for something and the
speed was the indicator? Because I thought it would maybe be
quality, like smoothness, but then I was thinking at the back of
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my head the only thing the watch is going to be able to measure
is my heart rate all the time. So it was a bit like I didn’t know
what it was for.” (9234, M, 60-69, 2 conditions)

The majority of participants reported that the tasks were
too easy, making them feel ‘pointless’. A few thought the
aim of the active tasks was to affect biological reactions
such as heart rate or blood pressure that the watch could then
track, but they felt that the tasks were too easy to produce
meaningful results:

“Only as thinking, well, my pulse hasn’t changed so what else
are you going to record from it.” (4987, M, 50-59,
2 conditions)

For those who did have difficulty with physical activities
or who experience high levels of pain, they reported that the
tasks were useful. Finding the right balance of active tasks
that suits all levels of ability is complex and as with the
symptom questions, the suggestion was made that it would
be of more benefit if at onboarding the tasks could be
tailored to a person’s ability.

Limitations of the interactivity of the watch

At enrolment participants were told that the watch would
only have access to the WYS app and would not have
access to other apps. They were also advised that they
would not be able to see the results of either their symptom
monitoring questions or the tracking data (data collected in
the background) until the end of the study. Despite this
information, the lack of feedback was seen as a major
barrier for some in terms of engaging participants over a
longer period:

“So, I thought…not disappointed but I thought that even
though it’s a trial and a feasibility study, whatever, there could
have been a bit more information gleaned from it, if you like.”
(4489, M, 50-59, 1 condition)

Another theme that arose was desire for the watch to
become more than a symptom tracker but actually support
self-management (e.g. alerting someone to take their
medication if their BP gets too high or too low, or to move if
they have been sedentary for an extended period):

“And basically, you can do exactly the same with the watch. If
the watch spots that somebody’s heart rate is going like the
clappers, again, it can actually say, well hang on, are you doing
exercise? No. Right, well sit down, calm down, slow down.
And works the opposite if it goes too slow… But I do believe
that with modern technology these days, symptoms like that
can be spotted at an earlier stage and dealt with better.” (3545,
M, 40-49, 2 conditions)

Another participant suggested that this would not even
need to be provided as real-time feedback, a summary that
could be discussed later would be useful:

“When I go and get my blood pressure monitor, I’ve got to
physically remember whereas if I had it on the watch and it
monitored, you know, it gave you a monthly review of…I could
go to the doctors then and just say, well here’s me, this is what it
is on a regular basis and it could’ve took it for me. I think that
would’ve been a very big help because I have been having high
blood pressure and I’m, you know, wanting to try for a baby in
the near future.” (5501, F, 30-39, 2 conditions)

Some participants reflected that they would like to be
able to see how their conditions interacted with each other in
real-time:

“So you can actually, in one respect you can use the data to help
manage things because I know that I’m always stiff pretty much
all day round but especially in the mornings and in the evening.
Now I could actually look at different, my heart rate or my
temperature and see if they correlate and correspond with when
I am stiff, when I am in pain and that as well.” (6655, M, 40-49,
3 conditions)

In general, users seemed to have fairly high expectations
of the technology. It is important to meet those expectations
in an increasingly digitally literate population, in order to
increase long-term engagement.

Sub-group comparison. We wanted to see if there were any
differences caused by age or number of LTCs. To explore
this, participants were split into age groups <60 years
(n=13) vs ≥60 years (n=7), and <3 LTCs (n=15)
vs ≥3 LTCs(n=5), to see if any of these factors influenced
engagement or experience.

Impact of age on engagement

Older people (≥60 years of age) engaged well with the
system and were able to complete the questions and active
tasks. According to participant narratives there were no
noticeable differences in ability to use the watch or complete
the tasks by age. Similar numbers in each age group found
the active tasks ‘too easy’ (as above). No participants ex-
pressed that they specifically found age to be a barrier for
using the app.

Impact of MLTC-M on engagement. Looking at whether the
number of LTCs (3 or more) impacted engagement, there
were no clear differences either in levels of engagement or
in the views expressed by participants.

In general participants did not seem to consider the
management of more than one LTC to be a factor in either
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engagement or use of the watch. In fact, only a small
number of participants expressed interest in how the dif-
ferent LTCs interacted with each other, mainly focussing on
a single condition that tended to impact their life more
significantly than other conditions they had. The only
condition that was raised by participants as a barrier to
engagement was the presence of severe or chronic pain.

For some participants, the pain they experienced im-
pacted how and when they could use the watch. This was
particularly an issue for the physical activities but in one
case even touching the watch during an episode of severe
pain was too much.

When a particular participant was asked why they had
not completed any of the walking activity tasks, they
responded:

‘Yes, because it was the pain, a lot of that is because of the pain
that I’d been in. You have got to catch me at the right time of
day, in order for me to do something like that. And it always
caught me when I’m in a lot of pain. So if I am in a lot of pain I
can’t physically actually get up and walk, do walking like that. I
have just got to sit down and rest as much as possible.” (6655,
M, 40-49, 3 conditions)

Another participant pointed out that pain also interfered
with their ability to complete the tasks within the response
window. Another participant with severe arthritis in their
wrists described how wearing the watch caused irritation by
rubbing on the joint. However, even though they experi-
enced some discomfort they said that they still enjoyed the
process, and that generally it did not impact responding to
the question prompts.

Discussion

Summary

The key points that this qualitative analysis raised were
around: motivations for participant engagement, need for
personalisation, and clearer communication about the
purpose of the study. The key finding was that there was a
lack of evidence that MLTC-Ms cause problems of en-
gagement compared to other studies that focus on single
conditions, or the expectation that it would be harder to
collect PGHD in this population.

Comparison to other studies

In a review of barriers and facilitators to engagement with
remote measurement technologies for health, the authors
reported 33 studies using a variety of methodologies.14 The
article, highlighted a number of gaps in the design of the
studies particularly around quantitative assessment of usage
and acceptability of the technology. In the current study we

have focussed on both the usage (usage data has been
presented elsewhere)12 and views on acceptability of the
WYS app. However, we acknowledge that the three-month
data collection period for the wearable device may not be
sustained over a longer period, particularly considering the
lack of ‘real time’ feedback that participants wanted.

The review by Simblett et al14 identified a number of
barriers and facilitators related to: health status, perceived
utility and value, motivation, convenience and accessibility,
and usability across studies. Our results were broadly in line
with these and therefore with studies outside MLTC-M.
However, our results suggest that the presence of severe or
chronic pain and the importance of tailoring may be issues
that require greater focus in MLTC-M.

In another study exploring perspectives around a hy-
pothetical smartphone app for depression, both patients and
physicians had high expectations for app content.15 The
authors reported that the key expectations were around ease
of use and personalised content. In the results we present
here, participants were content with the usability of the
wearable device. However, even though questions and tasks
were specific to organ systems, participants still expressed a
desire for the ability to further tailor the questions to their
specific symptoms and to adjust the levels of the physical
tasks to suit their current abilities.

Our previous studies7,16 have shown that it is possible to
collect PGHD from patients with LTC.17 This qualitative
study explored acceptability of collecting daily PGHD for
three months using the smartwatch app in a population of
older people with MLTC-M. We found that they were
willing and able to collect data, and we identified barriers to
and facilitators of ongoing engagement.

Strengths and limitations

The WYS app is the first study we are aware of that has
developed a symptom data collection system for people
with MLTC-M. Previous studies have focussed on disease-
specific questions in younger, healthier populations.18 All
participants were volunteers and were reimbursed for par-
ticipation. Whilst a wide range of age groups took part in
this study, the age distribution was younger than in MLTC-
M populations that are not self-selecting.19 There is clearly a
need to continue to test engagement in more diverse groups,
but the study provides a useful first test of PGHD in MLTC-
M. Due to the timing of this research, when covid re-
strictions were still in place and funding/time limitations, no
further work was done to test the rigor of the interpretation
of this data.

Meaning of the study and implications

Overall, participants reported that the app was easy to use
and that the number of alerts and questions was not a barrier
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to engagement. Our research around the completion of
PGHD has increased from initial studies of weekly col-
lection to once daily,16 through six items per day20 and now
to 20 plus items per day12 in MLTC without participants
expressing any major problems. Most participants reported
satisfaction with the scope of the data being collected. The
repetitive nature of the data collection led to some irritation,
and there were concerns over the active tasks being too easy
to complete. An option may be to vary the order questions
are asked or adapting the frequency of some questions, for
example if serial ‘0’s are entered. Some participants
highlighted issues in their understanding about the purpose
of the study which suggest that further attention to research
materials and onboarding was required, especially when
there are differences between what is important to the
participant and the researcher, and when the utility of tasks
might not be so apparent to patients. Participants high-
lighted a number of benefits for them - understanding how
their symptoms change through time (which highlighted the
lack of feedback); understanding correlations or triggers for
flares; allowing interventions to be guided by PGHD (in-
cluding ‘just in time’ interventions); personalising the
technology; and supporting better clinical care through
sharing with professionals.

A number of participants highlighted the need for greater
flexibility and personalisation. For example, without the
ability to add qualifying comments, they reported that the
app was not capturing the full picture of their symptoms.
This may be a result of participants having more than one
LTC, as some symptoms could relate to a number of
conditions or be located in different parts of the body, and
some participants felt it important to differentiate between
these. Similarly, allowing people to select active tasks might
ensure they were more relevant to their abilities, and more
work is needed to understand how best to set up condition-
specific questions at baseline.

Almost all participants were able to complete the three
month data collection period, and around half suggested a
longer period of at least 12-18 months would be beneficial
for them to try and track changes over time. However, they
suggested that long-term engagement would require more
interactivity or feedback from the technology. This is
supported by previous studies which likewise showed in-
corporating a mechanism for feedback to users would be
preferable.21,22

There were no substantive differences in the way
participants with more LTCs engaged with the system as
compared to those with fewer conditions, and older
participants were just as capable of using the system and
actually chose to engage more fully. Rather than MLTC-
M being a barrier to engagement, some participants
report focussing on a single condition that tended to
impact their life more significantly, consistent with
previous research.23 The only condition that raised as a

barrier to engagement was the presence of severe or
chronic pain.

Conclusion

The Academy of Medical Sciences report identified ex-
ploration of the use of consumer technology to track and
monitor symptoms of people living with MLTC-M. Our
study is the first to provide preliminary data to show that
such use is feasible and acceptable, and has highlighted
factors (such as the need for personalisation and feedback)
that may enhance its use among patients with MLTC-M.
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