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BACKGROUND Smartwatches can be used for atrial fibrillation (AF)
detection, but little is known about how older adults at risk for AF
perceive their usability.

METHODS We employed a mixed-methods study design using data
from the ongoing Pulsewatch study, a randomized clinical trial
(NCT03761394) examining the accuracy of a smartwatch-
smartphone app dyad (Samsung/Android) compared to usual care
with a patch monitor (Cardea SOLO� ECG System) for detection of
AF among older stroke survivors. To be eligible to participate in Pul-
sewatch, participants needed to be at least 50 years of age, have
had an ischemic stroke, and have no major contraindications to an-
ticoagulation therapy should AF be detected. After 14 days of use,
usability was measured by the System Usability Scale (SUS) and
investigator-generated questions. Qualitative interviews were con-
ducted, transcribed, and coded via thematic analysis.

RESULTS Ninety participants in the Pulsewatch trial were random-
ized to use a smartwatch-smartphone app dyad for 14 days (average
age: 65 years, 41% female, 87% White), and 46% found it to be
highly usable (SUS �68). In quantitative surveys, participants
who used an assistive device (eg, wheelchair) and those with history
of anxiety or depression were more likely to report anxiety associ-
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ated with watch use. In qualitative interviews, study participants
reported wanting a streamlined system that was more focused on
rhythm monitoring and a smartwatch with a longer battery life.
In-person training and support greatly improved their experience,
and participants overwhelmingly preferred use of a smartwatch
over traditional cardiac monitoring owing to its comfort, appear-
ance, and convenience.

CONCLUSION Older adults at high risk for AF who were randomized
to use a smartwatch-app dyad for AF monitoring over 14 days found
it to be usable for AF detection and preferred their use to the use of
a patch monitor. However, participants reported that a simpler de-
vice interface and longer smartwatch battery life would increase the
system’s usability.
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Introduction
Atrial fibrillation (AF) is a highly prevalent cardiac rhythm
disorder that affects more than 6 million people in the United
States and more than 30 million individuals worldwide,
though a large portion of individuals with the condition go
undiagnosed owing to AF’s often asymptomatic and parox-
ysmal nature.1–3 However, even brief episodes of AF are
associated with a greatly increased risk of stroke, and this
additional risk is especially magnified in older adults.4

Indeed, it is estimated that ischemic stroke is the initial clin-
ical manifestation of about 1 in 5 cases of AF.5 Furthermore,
strokes associated with AF are also more severe than non-
AF-related ones, and stroke in general contributes to a signif-
icant portion of the morbidity and mortality associated with
the condition.6 Fortunately, treatment options for stroke pre-
vention in AF patients have been shown to be highly effective
and safe, which further highlights the importance of timely
diagnosis and treatment of the arrhythmia.7,8 This is espe-
cially important in patients who have already experienced a
stroke, as they are a particularly vulnerable population
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KEY FINDINGS

� Older stroke survivors find a smartwatch to be generally
usable for detecting atrial fibrillation.

� Some patients may experience anxiety from using a
smartwatch for rhythm monitoring, especially older pa-
tients, those who need assistive devices, or those who
have mood comorbidities at baseline.

� Further developments in industry are necessary to
streamline functionalities and improve battery life to
fully realize the potential of smartwatches for atrial
fibrillation detection.
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already at higher risk for recurrent stroke, and risk is further
exacerbated if they have AF.9

Standard of care in patients after a stroke, and especially in
patients whose strokes are of undetermined origin, entails
routine cardiac rhythm monitoring, which most often takes
the form of a device with several wires affixed to the patient’s
chest with adhesive gel.10 This burdensomemodality compli-
cates many activities of daily living, such as exercise or even
bathing, and thus suffers from poor patient satisfaction and
use.11 In recent years, a variety of wearable biosensors, and
specifically smartwatches, have become available for AF
detection. Currently, there are many consumer-available
smartwatches that are cleared by the Food and Drug Admin-
istration for use in detection of AF.12,13 However, despite
tremendous advancements in sensor and computing technol-
ogies that have enabled relatively high accuracy of these
smartwatches for AF detection, there has been little consider-
ation of their usability in the older adult population who
would benefit most from AF monitoring, particularly for pa-
tients who have experienced a stroke. Though smartwatch
use in the general population has steadily risen over the last
few years, they are by no means ubiquitous, especially
among older adults, who traditionally have been relatively
late adopters of nascent technology.14 Additionally, the post-
stroke population faces an additional host of challenges that
may further complicate smartwatch use, such as potential re-
sidual neurological deficits or resultant cognitive or psychiat-
ric challenges from their stroke.15

Relatively few existing mobile and digital health studies
are focused on the older adults, and only a portion of them
examine device usability. However, advancements in the
technological capabilities of wearable sensors have fueled in-
terest in the conversation. The American Heart Association
recently published a scientific statement emphasizing the
promise of mobile health technologies for preventing cardio-
vascular disease in older adults, as well as the dire need for a
more comprehensive understanding of the barriers that older
adults face in using them.16 Emerging evidence of smart-
watch use in older adults has identified potential usability
considerations unique to this population, such as accessibility
(larger font and icons), intuitive interface design, and
potential need for assistance.17–19 These studies have often
been exploratory in nature, and none thus far have focused
on patients who have suffered a stroke. We used a mixed-
methods approach to gain a multifaceted understanding of
the usability challenges faced by older adults in using smart-
watches for AF detection, which would be crucial for
realizing their full potential as a heart rhythmmonitoring mo-
dality.
Methods
Study design and population
This study uses data from the Pulsewatch study, a random-
ized controlled trial in which participants were randomized
in a 3:1 fashion into intervention and control groups. The
intervention group received the Pulsewatch system: a
smartwatch-smartphone app dyad capable of AF detection
via pulse plethysmography, while both the control and inter-
vention groups received standard-of-care electrocardiogram
(ECG) patch monitoring (ie, no smart devices) for a 14-day
monitoring period. Although the Pulsewatch study consists
of a second phase following this 14-day period, because
the focus of the present study is on smartwatch usability
we used data only from the intervention group from the first
phase of the study (Figure 1). Eligible participants were re-
cruited from the neurology and cardiology clinics of a single
tertiary care center in central Massachusetts, and were over
50 years old, had an ischemic stroke or transient ischemic
attack in the last decade, and were willing to use the Pulse-
watch system over the course of the study. Exclusion criteria
included prior diagnosis of AF having any major contraindi-
cations to anticoagulation therapy, inability to provide
informed consent, contraindication for wearing an ECG
patch monitor (eg, sensitivity or allergy to medical adhesives,
implantable pacemaker), or a life-threatening arrhythmia
requiring immediate analysis and in-patient monitoring.
Study procedures
Eligible patients were identified through the electronic med-
ical record and mailed an invitation letter briefly describing
the study and including a study number to call if they had
any questions regarding the study or if they wanted to opt
out of further contact. These potential participants were
then approached at the time of their clinic appointment. If
they chose to enroll in the study, they provided informed con-
sent and filled out a baseline study questionnaire assessing a
multitude of sociodemographic and psychosocial domains.
The participant was then randomized into either the control
or intervention groups. Both groups received standard-of-
care cardiac rhythm monitoring in the form of an ECG patch
monitor (Cardea SOLO Wireless ECG Patch; Cardiac
Insight, Bellevue, WA). In addition, participants randomized
to the intervention group received a smartwatch (Samsung
Gear S3 or Samsung Galaxy Watch 3; Samsung, Suwon-si,
South Korea) and an accompanying smartphone with the Pul-
sewatch app installed. This pair of smartwatch and smart-
phone apps were developed by the study team with



Figure 1 Pulsewatch study structure. Data from participants in the Phase I intervention group of the Pulsewatch trial.
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significant input from patients who have had a stroke, their at-
home caregivers, neurologists, and cardiologists. All of these
stakeholders provided their perspectives on how best to opti-
mize a study app designed for AF detection to be deployed in
older patients who have experienced a stroke. This end-user
input was incorporated into the app prior to deployment in the
trial and included considerations ranging from app interface,
including adequately large font size and intuitive menu orga-
nization, to physical comfort of device wear, such as using
easily adjustable magnetic or Velcro watchbands. The final
version of the Pulsewatch system consisted of a smartwatch
app that near-continuously monitored a participant’s pulse
for rhythm abnormalities, informing them if potential AF
was detected, as well as a phone app that serves as a dash-
board for participants to view their data and resources to learn
more about AF and strokes. Participants who were random-
ized to use the Pulsewatch system were asked to consistently
wear the watch as much as possible and to engage with the
phone app as much as they liked. Research staff called inter-
vention participants on the third and seventh days of the study
to encourage watch wear and help troubleshoot any technical
challenges that arose. Additionally, participants were pro-
vided a comprehensive user guide (Appendix) as well as
in-person training at enrollment on general device use. This
training involved demonstrating all of the smartphone
app’s functionalities by explaining each screen in detail and
how to navigate between them. All participants were also
shown how to properly wear the smartwatch (specifically
the importance of ensuring that the watchstrap is tight) and
charging the devices.

At the conclusion of the 14-day study period, participants
completed a questionnaire similar to the baseline assessment,
with additional questions regarding their experience using
the Pulsewatch system over the past 2 weeks. Ten purpo-
sively selected participants (to represent a range of demo-
graphic factors) were additionally asked to participate in an
in-depth interview to garner a more comprehensive under-
standing of the needs and barriers they faced in their user
experience. These interviews were recorded and consisted
of 2 parts. In the first portion of the interview, participants
were asked to simulate daily use of the Pulsewatch system,
namely putting on and removing the smartwatch, charging
the devices, and demonstrating how they have been interact-
ing with the phone app, if at all. The interviewer deemed
whether each action was successfully completed, and if
yes, whether any assistance was required. The second half
followed the format of a semi-structured interview, during
which participants are asked about their user experience.
Examples of usability domains explored with participants
include any barriers or challenges they faced and potential
ways to circumvent these barriers, motivations for device
use, and user experience compared to traditional cardiac
rhythm monitoring modalities.
Study measures
This mixed-methods study consists of both quantitative and
qualitative data elements. The primary outcome of the quan-
titative portion of this study was the System Usability Scale
(SUS),20 a validated measure of usability utilized by
numerous studies of emerging mobile and digital health
tools. Additionally, we generated smartwatch-specific Likert
scale questions (5 points: 1 5 “strongly disagree,” 2 5
“disagree,” 35 “neutral,” 45 “agree,” 55 “strongly agree”)
to better understand facets of use that the more generalized
SUS potentially may not cover. These questions were devel-
oped through an iterative process by a panel of content ex-
perts, including digital health researchers (ED, DDM),
biomedical engineers (DH, KC), a cardiac electrophysiolo-
gist (DDM), and a gerontologist (JSS). The final iteration
of questions addressed the participants’ perceived ease of
use of both the phone and watch, their feeling connected to
health care providers, any potential anxiety as a result of us-
ing the system, and their general use experience. Participants’
medical characteristics were abstracted from the electronic
medical record by trained research staff. Cognitive status
was assessed with the Montreal Cognitive Assessment,21

depressive symptoms were examined using the Patient
Health Questionnaire (PHQ-9),22 and anxiety symptoms
were assessed with the Generalized Anxiety Disorder
(GAD-7)23 instruments.
Analytic approach
Descriptive statistics were calculated to summarize
participant-level factors for the overall cohort as well as for
the 10 participants who also completed in-depth interviews.
Linear regression models were used to examine associations
between individual participant-level characteristics and SUS
score. Independent variables in the models were chosen
based on prior literature, as well as other factors that are
likely to be associated with usability. We also conducted
secondary analyses using logistic regression models with
SUS as a binary outcome (dichotomizing with a previously
validated cutoff of 68 for high vs low usability20).



Table 1 Baseline characteristics of participants

Demographics (N 5 90 participants) Result

Age, mean, y (SD) 65.1 (9.3)
Female 37 (41%)
Race
White 78 (87%)
More than 1 race 6 (7%)
Black 1 (1%)
Asian/Pacific Islander 1 (1%)
Other 4 (4%)

Non-Hispanic ethnicity 87 (97%)
Married/living as married 61 (69%)
Education
Less than high school 4 (5%)
High school degree or equivalent 38 (43%)
College degree 28 (32%)
Postgraduate degree 18 (20%)

Income
,$50,000 29 (35%)
$50,000–$99,999 27 (33%)
�$100,000 27 (33%)

Medical history
History of ischemic stroke 71 (79%)
History of TIA 26 (29%)
Congestive heart failure 6 (7%)
Cardiac arrhythmias 12 (13%)
Valvular disease 9 (10%)
Hypertension 70 (78%)
Chronic pulmonary disease 7 (8%)
Diabetes 25 (28%)
Vascular disease 24 (27%)
Renal disease 4 (4%)
Prior major bleed 5 (6%)
Prior MI 16 (18%)
Hyperlipidemia 77 (86%)
Sleep apnea 25 (28%)
Percutaneous coronary intervention 11 (12%)
Residual neurological deficit 28 (31%)

Medication use
Antiarrhythmic 2 (2%)
Beta blocker 40 (44%)
Calcium channel blocker 62 (69%)
Anticoagulant 11 (12%)
Antihypertensive 51 (57%)
Antiplatelet 79 (88%)
Statin 82 (91%)

Vital signs
BMI, mean (SD) 32.0 (21.0)
Systolic BP, mm Hg, mean (SD) 131.4 (16.7)
Diastolic BP, mm Hg, mean (SD) 76.0 (8.6)
Heart rate, mean (SD) 73.1 (14.7)

Psychosocial variables
Alcohol use 7 (8%)

Cognitive impairment, MoCA ,23 for in-person,
,17 for phone

26 (30%)

Vision impairment 48 (54%)
Hearing impairment 26 (29%)
Depressive symptoms
None (0–4) 49 (54%)
Mild (5–9) 27 (30%)
Moderate (10–14) 8 (9%)
Moderately severe (15–19) 3 (3%)
Severe (.20) 3 (3%)

Anxiety symptoms
None/minimal (0–4) 62 (69%)

(Continued )

Table 1 (Continued )

Demographics (N 5 90 participants) Result

Mild (5–9) 16 (18%)
Moderate (10–14) 7 (8%)
Severe (.15) 5 (6%)

Technology engagement
Device ownership
Tablet 60 (67%)
Smartphone 74 (83%)
Smartwatch 22 (25%)
Basic cellphone (SMS enabled) 30 (34%)

App use frequency (excluding call/text)
Daily 54 (68%)
A few days a week 12 (15%)
At least once a week 5 (6%)
Less than once a week 2 (3%)
Once a month 3 (4%)
Never 4 (5%)

Values are n (%) unless otherwise specified.
BMI5 body mass index; BP5 blood pressure; MI5 myocardial infarct;

MoCA 5 Montreal Cognitive Assessment; TIA 5 transient ischemic attack.
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The investigator-generated Likert scale questions are pre-
sented as the proportion of participants who responded
with a 4 or 5 (ie, “agree” or “strongly agree”). Additionally,
each question is used in an ordinal logistic regression model
with the full “strongly disagree” to “strongly agree” scale as
the dependent variable, with the same predictor variables as
the models described above. Interview recordings were tran-
scribed and reviewed for quality control. Qualitative coding
via directed content analysis was completed by 2 independent
researchers (ED, MCA) and any differences were resolved
through discussion and mutual agreement. Themes from
the analysis originate from concepts outlined in previous
literature, and the coding guide was developed after an initial
review of transcriptions through an iterative process, and was
refined through discussion between research team members
(ED, KM). The quantitative and qualitative results were trian-
gulated, and the qualitative outcomes were used to contextu-
alize the quantitative findings from the study.
Results
Quantitative results
A total of 90 participants were randomized to receive the Pul-
sewatch system. The average age of the cohort was 65 years
old (standard deviation 69 years), 41% were women, and
most were White (87%). A large proportion of participants
were of high socioeconomic status, with 52% having a col-
lege degree and 33% who had an annual income of over
$100,000. Thirty percent were cognitively impaired, though
there was relatively low burden of depressive and anxiety
symptoms in the sample. Our participants were highly
engaged with technology, especially given the age group,
with 83% of participants owning a smartphone, 25% already
owning a smartwatch, and two-thirds of participants using
apps on their devices on a daily basis (Table 1).



Table 2 Participant perceptions of the Pulsewatch system

Usability domain

Percent of
participants in
agreement (N 5 90)

Easy to use (smartwatch) 56 (63.6%)
Easy to use (smartphone app) 46 (52.3%)
More connected to healthcare providers 37 (42.5%)
Anxiety or worry from use 11 (12.5%)
Overall enjoyed user experience 45 (51.1%)

Table 3 Factors associated with smartwatch causing anxiety

Characteristics Unadjusted OR

Age 1.05 (95% CI: 1.01–1.11)
Use of assistive device† 3.34 (95% CI: 1.12–9.96)
Baseline depression symptoms 2.31 (95% CI: 1.01–5.25)
Baseline anxiety symptoms 3.85 (95% CI: 1.56–9.48)

CI 5 confidence interval; OR 5 odds ratio.
†Assistive device defined as cane, walker, and wheelchair.

Table 4 Characteristics of participants who completed an
in-depth interview

Demographics (N 5 10 participants) Result

Age, mean (SD) 62.8 (11.6)
Female 7 (70%)
Race
White 6 (60%)
Black 1 (10%)
American Indian/Alaska Native 1 (10%)
More than 1 race 1 (10%)
Other 1 (10%)

Married/living as married 4 (40%)
Education
Less than high school 1 (10%)
High school degree 5 (50%)
College degree 1 (10%)
Postgraduate degree 3 (30%)

Income†

Less than $50,000 5 (56%)
$50,000–$99,999 2 (22%)
More than $100,000 2 (22%)

Device ownership
Tablet computer 8 (80%)
Smartphone 8 (80%)
Smartwatch 2 (20%)
Basic cellphone 4 (40%)

Values are n (%) unless otherwise specified.
†One participant chose not to disclose income (percentages based on N5 9
participants).
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With regard to the SUS, 39% of participants deemed the
system highly usable (SUS �68). More than half of partici-
pants either “agreed” or “strongly agreed” with both the
watch and phone app being easy to use, and 42% endorsed
that using the system made them feel more connected to their
health care providers. About one-eighth of participants expe-
rienced anxiety from using the devices, and more than half of
the cohort agreed that they enjoyed their experience using the
devices (Table 2).

Age was associated with increased likelihood to experi-
ence anxiety or worry with use of the system, and every addi-
tional year is associated with approximately 6% odds (odds
ratio 1.06, 95% confidence interval: 1.01–1.11) of moving
up 1 point on a 5-point Likert scale (with 1 being “strongly
disagree” with the statement that using the system caused
anxiety and 5 being “strongly agree”). Participants who re-
ported using an assistive device (defined as cane, walker,
wheelchair) or having anxiety or depression at baseline
were more likely to report anxiety or worry with use of the
system (Table 3). No other demographic, medical history,
psychosocial, or technologic familiarity variables investi-
gated were associated with either the SUS or any
investigator-generated usability questions.

Qualitative results
Characteristics of the sub-cohort of participants who were
selected to do an in-depth interview are presented in
Table 4. Interview lengths ranged from 16 to 51 minutes.
In the demonstration portion of the interview, all participants
were successful in independently placing the watch on their
wrists and adequately tightening the watchstrap, removing
the watch, and charging devices with no external assistance.
Eight of the 10 participants engaged with the accompanying
phone app to varying degrees, and all 8 were able to success-
fully navigate through the app to visualize their own heart
rate and rhythm data, though multiple participants beyond
those selected for the qualitative portion noted to study staff
that they rarely engaged with the phone app.

Device training and resources
Participants indicated that the training they received initially
upon receiving the devices from study staff was instrumental
to successfully using the devices; this was particularly true for
those who do not own smartwatches. Demonstration of use of
the watch and phone apps appeared to remove a major usabil-
ity barrier by familiarizing the participant prior to individual
use. This live session with research staff was perceived as
far superior to the detailed written instructions with images
that were also provided. Some participants preferred a more
brief, bulleted list in lieu of the detailed instructions provided,
and those who did find the detailed written instructions help-
ful mentioned that they generally used the document as a
back-up reference, and did not often use the guide.

Training made it way easier, because she [research staff]
explained everything in full, and I don’t know, I probably
wouldn’t have done it if she didn’t tell me exactly what to
expect, and what I was going to do, you know? The
training is a necessity. Absolutely. Especially the older
people, because they’re going be so confused [otherwise].

- Female, age 53, owns a smartphone

This preference for support in the form of dedicated
personnel extended beyond the initial encounter, and
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participants found the ability to reach study staff any time
they encountered any issues to be tremendously useful.
This was true even for participants who did not use the study
phone number for troubleshooting, as they reported that just
the knowledge that they could contact study personnel for
assistance if needed contributed positively to their experi-
ence.

Most participants had family members at home who they
perceived to be more technologically adept than they them-
selves were, and who were able to help them with devices
if needed, though it was often not necessary owing to the con-
stant availability of study staff and the perceived ease of use
of the system. This ease of use was attributed to the passivity
of monitoring and the relatively low amount of active
engagement asked of participants.

I have people that would be more technically advanced
than me, if there was something I needed. But I mean, I
just saw that I was supposed to turn it on [the watch],
and have that icon come up and see that it [the phone
app] was open once a day, so I could see that my heart
rate and everything else. I had nothing else that I needed
to do.

- Female, age 61, owns a smartphone
Streamlining rhythm monitoring and minimizing
patient burden
While participants generally indicated that the Pulsewatch
system was easy to use, many cited streamlining the system
to be a crucial factor for any digital health tools to be de-
ployed in this population. Although newer-generation smart
devices are being embedded with an increasingly wider array
of functionalities, from texting and calling to mobile pay-
ment, participants indicated that these additional functions
only served to confound the user experience and detracted
from the main goal of cardiac rhythm monitoring:

There were just too many other things that you could do
. the next thing you know, you’re on the weather [app]
– “wait a minute, I don’t want that.” So, it would be better
if they had a [system] that was not as complete as one of
these, just having the ability to do the heart recording and
monitoring, but not having all these other functions.
Without having all the extraneous applications and stuff
on there, it would make it so much easier to function, to
focus on.

-Male, age 61, owns a smartphone

While streamlining and focusing the functionalities of the
watch was a recurrent theme, several participants also noted
that the general health monitoring provided by smartwatches,
such as physical activity or sleep metrics, are potentially
helpful to visualize as well, and may be acceptable to include
in a cardiac rhythm monitoring system. However, among all
participants, including those who noted the potential
helpfulness of these additional functionalities, there was still
particular emphasis on the necessity of a passive system
that does not require extensive active engagement on the
part of the patient:

If your goal is to have an app that is all-encompassing,
then a step tracker and some of those other features would
be great. But if it’s really to try to replace an invasive loop
monitor, it needs to be super passive. It needs to be a “set
it and forget it.”

- Male, age 53, owns smartphone and smartwatch

A passive system would be perfect. Because I wouldn’t
have to [actively] record anything myself, like everything
is there. So, it would be pretty easy and. I do not want to
touch it.

- Female, age 51, does not own smartphone or watch
Comparison to traditional monitoring modalities
Most participants interviewed had prior experience with
either a Holter monitor, external event monitor, or implant-
able loop recorder. Participants overwhelmingly indicated a
strong preference for the Pulsewatch system if given the
choice of cardiac monitors, provided that the watch could
attain the same diagnostic accuracy as clinical gold-
standard monitors. The appearance of the watch was a factor
for some participants who were dissatisfied with the obtru-
sive and bulky appearance of Holter monitors. Comfort
was also the most commonly cited reason, specifically given
the various ways that external cardiac monitoring signifi-
cantly impacts quality of life and daily activities.

This [watch] would be better. Well, it’s not as intrusive. I
mean, I’m wearing this big thing [event monitor] and
every time I turn over in bed, it’ll pull on me and wake
me up, so it’s very tough to deal with when you’re wearing
it all the time. I had to cover it [event monitor] up to take a
shower and stuff, so this [watch] is great, it really was
good.

- Male, age 87, owns a smartphone

Oh absolutely. I could go out [with the watch] and no one
would notice it. There wouldn’t be wires hanging out of
my shirt, people staring at me like what the hell is wrong
with her, you know?

- Female, age 51, owns smartphone

An additional advantage of the Pulsewatch system that
some participants noted over traditional monitoring modal-
ities is the ability to visualize their own data in near–real
time on the accompanying phone app. One participant



Table 5 Triangulation of quantitative and qualitative usability results

Outcome of interest Quantitative results Qualitative results Triangulation

Ease of use 63.7% of participants found watch easy
to use

56.5% found the phone app to be easy to
use

- The devices were simple to use because
there was little interaction required—
passivity is an important facet of
making the devices easier to use for
older adults

- Training and support for dedicated
personnel greatly enhanced user
experience and made the system
easier to use for participants

Convergent / complementary

Anxiety from use 10.2% of participants reported
experiencing anxiety or worry from
using the system

- Anxiety from use stemmed from not
being monitored continuously owing
to having to take off the smartwatch
for charging or other reasons

- Extending the battery life of the
smartwatches would have severely
curbed feelings of anxiety in
participants

Complementary
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reported that her heart rate dropped to 37 beats per minute
while wearing the smartwatch, and while it was not AF
related, she was able to monitor her heart rate displayed on
the watch in real time in order to make a conscious and
informed decision on whether or not to seek urgent medical
care.
Sense of security
Participants viewed wearing the smartwatch as providing
them with a sense of security and peace of mind. The Pulse-
watch systemwas often cited as a “safety net” by participants,
especially by those who have had acute cardiac events. This
aspect of the system was the biggest incentive to use a com-
mercial wearable device for them. Conversely, several partic-
ipants experienced anxiety while using the Pulsewatch
system attributable to the stress of potentially missing AF ep-
isodes during times when they were not wearing the smart-
watch—for example, while it is charging or when they
were in the shower. One participant cited the waterproof
feature of the watch to be useful specifically for the purpose
of being able to wear it in the shower, to minimize the dura-
tion of nonwear. Participants recognized the value of contin-
uous AF monitoring, and any gaps in this monitoring was
perceived as a major issue. This was especially salient given
that owing to the near-continuous nature of pulse monitoring
by the smartwatch (and therefore battery expenditure), it ran
out of power in about 6–8 hours, and needed to be charged
multiple times a day. These periods of nonwear therefore
conferred anxiety and was a major source of frustration for
participants:

Battery life was definitely a big issue. It was on the
charger more than my hand! But I was more relaxed
wearing the watch actually, because of my heart thing.
Like maybe it [the watch] would be able to show some-
thing. I felt more comfortable with it on, when it had po-
wer. Because if it’s not going to be on, then what’s the
point?
- Female, age 73, does not own smartphone or watch
Health as a motivator for system use
The major motivation for participants to use a wearable sys-
tem for heart rhythm monitoring was to maintain their health,
whether it was intrinsically motivated or to generate data for
their health care providers. Having this information contrib-
uted to the sense of security described. One participant cited
the Pulsewatch system as helping normalize her life after her
stroke, as the constant feedback on her heart rate and rhythm
gradually restored her confidence to engage in exertional
daily tasks, such as gardening, that she felt anxious about do-
ing immediately following the stroke. Additionally, some
participants noted the novelty of a smartwatch for rhythm
monitoring may help motivate them to use the device:

Just having it monitoring my heart and noticing if any-
thing goes wrong, or if everything is just normal. And
also, the novelty factor, having new stuff to play with.

- Male, age 61, owns a smartphone
Integrating quantitative and qualitative results
Quantitative and qualitative data elements in the study were
integrated based on triangulation protocol to describe
whether data elements were convergent (where findings
from both methods agree), complementary (where results
from qualitative and quantitative methods enhance under-
standing of a particular phenomenon), or divergent (where
findings appear to contradict one another).24 We observed
overall agreement, and the qualitative component of this
study contextualized the quantitative observations (Table 5).
Discussion
In this usability study of smartwatch-based AF detection in
older adults after stroke, we observed that participants found



Ding et al Smartwatch AF Detection Post Stroke 133
the Pulsewatch system generally easy to use owing to its
passivity, though a more streamlined approach focused
only on cardiac rhythmmonitoring may have been preferable
to a multifunctional commercial smartwatch. A small portion
of participants experienced anxiety from using the system.
Those who are older, use assistive devices, or report anxiety
or depression at baseline endorsed higher agreement with the
system causing them anxiety, suggesting that they may
benefit from more traditional methods of AF detection.
Finally, participants overwhelmingly preferred smartwatches
as a heart monitoring modality to traditional clinical moni-
tors. Their preference stemmed from logistical reasons
related to wear factors such as comfort, adherence, and con-
venience.
Contextualizing usability score
Usability of the Pulsewatch system was rated very similarly
to other commercially available smartwatches, though there
is limited research conducted in older patients with stroke.
A usability study of 7 different models of commercially
available smartwatches, including the Samsung Gear S3
used in the present study, found that average SUS scores of
the devices ranged from 61.4 to 67.6 (vs 65.1 in this study),
though notably, the study recruited existing smartwatch
users, and only 1 of the nearly 400 participants was over
the age of 60.25 Additionally, a recent mixed-methods study
of 8 older adults (mean age 5 62 years) reported a median
SUS score of 60 for using a wrist-based activity tracker.26

The stability of SUS score ratings of smartwatches across
drastically different populations may indicate that though
older adults may be initially less willing to embrace emerging
technologies, their actual use of these devices may not differ
significantly from the general population. Additionally, even
the specific challenges associated with a stroke do not neces-
sarily preclude the use of smartwatches for cardiac rhythm
monitoring. This is further exemplified by our finding that
no demographic, medical history, psychosocial, or techno-
logical familiarity factors were significantly associated with
SUS score. The majority of participants indicated that the
system was easy to use, but characteristics such as education,
cognitive impairment, or previous device ownership were,
interestingly, not associated with any usability domains
examined. This suggests that a simple and passive
smartwatch-based system for cardiac monitoring may be
accessible for many older patients after stroke, irrespective
of many individual-level factors.
Facilitators of smartwatch usability
However, though the Pulsewatch system was generally rated
as fairly usable, there are many challenges unique to this pop-
ulation that impact their user experience. An important and
recurring theme was the need for streamlining the system
to focus primarily on measuring health metrics without
convoluting the process with extraneous functionalities.
While manufacturers in the industry sector race to integrate
new functionalities into successive generations of devices,
it would be prudent to more thoroughly consider the needs
of older populations, for whom many of these health features
are designed, and devote more resources to streamlining the
user interfaces of these devices to be more intuitive for older
individuals. Additionally, passivity was deemed crucial to
ensuring that the devices were easy to use for participants.
A usability study of Fitbit devices among adults over the
age of 65 found that when asked to set up their own Fitbit ac-
counts and entering their own data through the app, partici-
pants were reluctant to use the devices and deemed the
process to be not worth the effort.27 Decreasing participant
burden by minimizing their active role appears to be an
important factor in smartwatch usability for older adults.
This is further corroborated by other studies indicating that
older adults found a wrist-based activity tracker to be simple
to use specifically owing to the lack of interaction required on
their part.26 Finally, dedicated training and support personnel
appears to drastically improve the user experience for the sys-
tem among participants. This initial training was perceived as
especially important, and not something that could be re-
placed by written instructions. The interpersonal nature of
this interaction is likely key to successful use, as older adults
have been shown to perceive wearable devices to be less
complex when they are able to observe others using it.27

One issue noted by several participants was the short bat-
tery life on the smartwatches. Previous research suggests that
a majority of older adults consider long battery life to be
essential for ensuring long-term use of wearable devices,
indicating that 1 week would be ideal and that having to
charge the device daily was unacceptable.26 While the Pulse-
watch cohort had lower expectations of the devices with
respect to being able to last a week without having to charge,
limited battery life was nonetheless a common complaint
among participants. For most participants, having to
frequently charge the devices seemed to be a mere annoy-
ance, but several experienced anxiety as a result of having
gaps in their cardiac rhythmmonitoring. This impacts quality
of life for potential smartwatch users and should be taken into
consideration by manufacturers of these devices. A potential
method to prolong smartwatch battery life may be to reduce
its functionalities to the core components necessary for
rhythm monitoring, thus eliminating additional demands
for processing power and battery expenditure. Furthermore,
this would be in line with the ease-of-use considerations
mentioned above in streamlining the functionalities and inter-
faces of these devices, thereby facilitating use.
Strengths and limitations
Our study has multiple strengths. It fills a critical research gap
in studying older adults’ perceptions of and willingness to
use a smartwatch-based cardiac rhythm monitoring system
when a majority of mobile and digital health studies focus
on younger populations. Additionally, our mixed-methods
approach enabled a comprehensive and multifaceted investi-
gation, allowing for a synergistic understanding of crucial
considerations with regard to usability of smartwatches in
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this population. This study also has several weaknesses. The
study cohort is homogenous with regard to race and ethnicity
and had experience with technology use at baseline, so the
findings of this study may not be generalizable across
different populations. Generalizability may be further limited
by the use of 1 specific software and hardware combination in
this study. Additionally, the present study’s sample size was
small and thus may not be powered to identify group differ-
ences with regard to usability or other factors.
Conclusion
Older adults with stroke generally found a smartwatch-based
cardiac rhythm monitoring system to be usable, though a
more streamlined system focused purely on passive cardiac
monitoring, with longer battery life, would likely be more
ideal for this population. However, despite these challenges,
older adults highly preferred the smartwatch system
compared to traditional cardiac monitoring owing to its com-
fort, appearance, and convenience.
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