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Abstract

Background: Hypertension isamajor cause of cardiovascular disease in older individuals. To ensure that blood pressure (BP)
levels are within the optimal range, accurate BP monitoring is required. Contemporary hypertension clinical practice guidelines
strongly endorse the use of home BP measurement as a preferred method of BP monitoring for individuals with hypertension.
The benefits of home BP monitoring may be optimized when measurements are telemonitored to care providers; however, this
may be challenging for older individuals with less technological capabilities.

Objective: The objective of this qualitative study was to examine the usability and acceptability of a home BP telemonitoring
device among senior citizens.

Methods: We conducted a qualitative descriptive study. Following a 1-week period of device use, individual, semistructured
interviews were conducted. Interview audio recordings were anonymized, de-identified, and transcribed verbatim. We performed
thematic analysis on interview transcripts.

Results: Seven senior citizens participated in the usability testing of the home BP telemonitoring device. Participants comprised
females (n=4) and males (n=3) with amean age of 86 years (range, 70-95 years). Overall, eight main themeswereidentified from
the interviews: (1) positive features of the device; (2) difficulties or problems with the device; (3) device was simple to use; (4)
comments about wireless capability and components; (5) would recommend device to someone else; (6) would use device in
future; (7) suggestions for improving the device; and (8) assistance to use device. Additional subthemes were also identified.

Conclusions: Overall, the home BP telemonitoring device had very good usability and acceptability among community-dwelling
senior citizens with hypertension. To enhance its long-term use, few improvements were noted that may mitigate some of the
relatively minor challenges encountered by the target popul ation.
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Introduction

Population aging is occurring in countries across the world at
a rate that by 2050, nearly 25% of the global population is
expected to be over the age of 60 years [1]. Advanced age is
often complicated by cardiovascular morbidity, which frequently
leads to disability and death [2]. Hypertension isamajor cause
of cardiovascular disease in older individuals [3,4], but senior
citizens also derive greater benefits from treatment of elevated
blood pressure (BP) than younger patients [5,6]. The
management of hypertension in senior citizens can be
challenging and must balance the risk of treatment-related
serious complications (including hypotension, postural dizziness,
syncope, falls, and metabolic side effects) [3,7-9] against the
well-established cardiovascular benefits associated with BP
lowering.

To ensure that BP levels are within the optimal range, accurate
BP monitoring isrequired. Contemporary hypertension clinical
practice guidelines strongly endorse the use of home BP
measurement as a preferred method of BP monitoring for
individuals with hypertension [10]. The benefits of home BP
monitoring may be optimized when measurements are
telemonitored to care providers [11,12]. BP telemonitoring
involves the electronic and secure transmission of BP readings
in real time to a central electronic health care portal, with
summarized BP data presented to patients and providers.
Through process automation and protocolization, BP
telemonitoring can ensure that home BP monitoring is performed
in aguideline-concordant manner, ensuring the proper frequency
and timing of BP measurements [12]. Telemonitoring
theoretically could eliminate the need for an in-person clinic
visit, thereby increasing health care delivery efficiency,
minimizing costs, and making the use of provider and patient
time more efficient [12]. A meta-analysis of 23 randomized
controlled trials (RCTs; 7037 patients) reported that home BP
telemonitoring reduced BP by 5/3 mm Hg compared with usual
care (P<0.0001 for both systolic and diastolic BP) [13]. Thisis
aclinically important reduction in BP, asa5-mm Hg reduction
can decrease the risk of total cardiovascular disease by 17%,
stroke by 18%, and myocardial infarction by 15% [14,15].

Adoption of telemonitoring will only occur if the process and
technology are deemed usable and acceptable by patients and
caregivers. Use of home BP telemonitoring may be particularly
challenging in senior citizens, who, by virtue of being less
technologically literate, may have greater difficulty using a
telemonitoring device. Therefore, the purpose of thisqualitative
study, embedded within an ongoing RCT (trial registration
Clinicaltrials.gov NCT02721667) examining the clinical and
cost-effectiveness of telemonitoring among community-dwelling
senior citizens with hypertension [16], was to examine the
usability and acceptability of ahome BP telemonitoring device
within this particular patient popul ation.

Methods

Study Design
A qualitative descriptive study was conducted [ 17,18] embedded
within an RCT comparing BP telemonitoring plus pharmacist
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case management with usual careto optimize BP control among
senior citizens residing in supportive living. Half of the study
samplewill receive home BP telemonitoring, with measurements
telemonitored to a pharmacist case manager, who will provide
guideline-concordant, protocolized antihypertensive medication
adjustment. Patients in the usual care arm will receive a home
BP monitor that they can useto record their BP, but neither they
nor their providers will receive access to telemonitored
measurements or pharmacist case management. They will be
asked to follow-up with their regular care providers as needed.
A protocol paper has been published [16]; the most updated
protocol can be found on clinicaltrials.gov (NCT02721667).
The University of Alberta Research Ethics Board approved the
study.

Study Population

Participants were community-dwelling senior citizens (aged
=65 years) with hypertension residing in a supportive living
residence. The target sample size for this qualitative study was
5-8 participants based on a prior research demonstrating that
the first 4-5 users typically identify 80% of all usability
problems, including the most severe usahility issues; beyond
this, a higher sample size has low incrementa yield as data
saturation has been reached [19].

Data Collection

Participating senior citizens were instructed to use the home
BP telemonitoring device and perform all measurements
according to the recommended techniques for home BP
measurement. To activate the device, the subject was required
toinitiate aBP measurement by pressing the appropriate device
button. The remainder of the process was automated. Four
measurements were taken daily (ie, 2 x am, 2 x pm) for 1 week
[10]. Following this period of device use, participants compl eted
individual, semistructured interviews (Multimedia Appendix
1) to obtain usability and acceptability information, probe
participants' responses, and give participants freedom to respond
and illustrate concepts in an open-ended fashion [20]. The
interviews were conducted in-person and were audio recorded.
Audio recordings were anonymized, de-identified, and
transcribed verbatim.

Telemonitoring System

The custom-built Technomed telemonitoring system consists
of 5 components: (1) a commercialy available,
Bluetooth-enabled oscillometric BP monitor (A&D Medical
UA-651BLE, supplied with cuff size medium [23-37 cm,
UA-290] or large[31-45 cm, UA-291]); (2) adatatransmission
hub (Lamprey Networks Inc.); (3) a Web portal interface
(Telemed Diagnostic Management Inc); (4) an android-based
interface for hub programming (Advanced Man Machine
Interface Laboratory, University of Alberta); and (5) in patients
with no existing internet access, a selectively deployed (based
on home internet availability) Subscriber Identity Module
(SIM)—based internet hotspot. Prior to operation, the system is
set up by connecting the hub to the internet (hotspot or home
internet), assigning a patient identification using the android
app, and creating a patient profile on the Web portal.
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Figure 1. System flowchart for Technomed telemonitoring blood pressure system. HTTPS: hypertext transfer protocol secure.

- - -

Blood Pressure M easurements

Oncethe system is set up, the patient isinstructed to follow the
7-day seriesBP protocol initiated by performing ameasurement
using the A&D device. This measurement is sent to the Web
portal viathe Bluetooth-connected hub (Figure 1). The dataare
summarized in a variety of formats including individual
readings, averages (mean of al readings minusthefirst day, as
recommended by current guidelines) [10], and graphed values
to depict temporal trends. The case manager uses these datato
adjust the patient’s BP medication (uptitrate if BP istoo high,
downtitrate if BP too low, or leave unchanged if BP is within
the optimal range).

Data Analysis

Interview transcripts were managed and analyzed using NVivo
data management software[21]. Thematic analysiswas used to
break interview text into small units for a detailed, nuanced
account of the data [22-24]. Thematic analysis was guided by
the hybrid approach of inductive and deductive coding and
theme development described by Fereday & Muir-Cochrane

Table 1. Participant demographics.

i-=-4

Server Web Portal

[25]. Deductive coding of the interview transcripts was done
first using the semistructured interview guide as a framework;
smaller units of data that emerged inductively were coded for
increased granularity and specificity.

Results

Sample Demographics

Seven senior citizens participated in the usability testing of the
home BP telemonitoring system from November 2016 to June
2017. Participants comprised females (n=4) and males (n=3)
with a mean age of 86 years (range 70-95 years). Additional
demographics are summarized in Table 1. The mean baseline
home systolic BP of the 7 participants was 131 mm Hg (range
99-181 mm Hg) and the mean diastolic BP was 71 mm Hg
(range, 47-125 mm Hg).

Themes

Overall, eight main themeswereidentified and two main themes
werefurther classified into subthemesfor increased granularity
and specificity (Table 2).

Participant number  Sex Age (years) Partnered or single Caregiver providing assistance (yesor no) Notes

1 Male 89 Single No N/AZ

2 Female 89 Single No N/A

3 Female 70 Single No Reported visual impairment
4 Mae 86 Partnered Yes Reported hearing impairment
5 Femae 91 Single No Reported mild dementia

6 Female 80 Partnered, lived alone  No N/A

7 Male 95 Single No N/A

8N/A: not applicable.
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Table 2. Main themes and subthemes
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Main themes and subthemes

Number of interviewstheme Number of overall references

isreferenced in for theme
Positive features of the device 7 35
General positive comments about device 6 15
Specific positives about device 7 20
Cuff was appropriate 6 12
Start button worked well 6 7
Display screen worked well 3 3
No bruising after device use 1 1
Difficulties or problemswith device 7 28
No difficulties or problems with device 2 2
General difficulties or problems with device 1 1
Specific difficulties or problemswith device 7 25
I ssues positioning and securing cuff 5 8
Cuff too large for arm 3 8
Knowing or remembering when to take blood pressure measurements 3 7
Error messages on display screen 2 4
Battery issues 1 2
Device was simple to use 6 16
Comments about wirel ess capability and components 6 8
Would recommend device to someone else 7 8
Would use devicein future 6 6
Suggestions for improving the device 5 5
Assistance to use device 1 1

Table 3. Specific positive features of the device.

Feature Description

Supporting quote from interview

Cuff was of appropriate tightness  All participants described the cuff to be of appro-
priate tightness. It only caused minimal pain for
ashort duration (ie, when the cuff was fully in-
flated), similar to other blood pressure cuffsthey
had used in the past.

Start button worked well Six participants noted that the start button was
large enough to locate, easy to press to activate
reading, and did not stick.

Display screen worked well Three participants described the display screen
aslarge enough and easy to read, even for those
with visual impairments.

No bruising after device use One participant noted that he or she had no
bruising after using the device.

Participant: No, | think it was just right.
Interviewer: Good, okay.

Participant: Cause it didn’t bother me that much. But it
bothered me a little bit. [ Laughing] [Participant 5]

But, yeah. So, other than that, it's...it's easy to use. The start
and-and the stop. And, | mean, it's quite simple. [ Participant
6]

Participant: Um...well, I-ah, | mean you know, it'sum, it's
got a...like, I'mlegally blind.

Interviewer: Okay.

Participant: And-and so |-l have about 12 percent vision. So
| mean, for me, like it-[ stammers] it's ah-the-it's quite clear
on the-on the screen and that. [Participant 3]

Theme Descriptions

A range of answers were given. These fell into 2 subthemes:
(1) general positive comments about the device and (2) specific

Positive Features of the Device positive features of the device.

Theinterview guideincluded questionsto ascertain the positive  For the first subtheme, 6 participants described the device in
features of the device and dlicit what worked for the participants.  general positive terms, including stating it “worked well” and
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“was a very good set-up.” All participants provided specific
feedback on positive features of the device (subtheme 2). These
fell into 4 subcategories: (1) cuff was of appropriate tightness;
(2) start button worked well; (3) display screen worked well;
and (4) no bruising after device use. These subcategories are
described in detail in Table 3.

Difficulties or Problems With the Device

The interview guide included questions to ascertain whether
therewere any difficulties or problems using the device. A range
of answers were given. These fel into 3 subthemes: (1) no
difficulties or problemswith the device; (2) general difficulties
or problems with the device; and (3) specific difficulties or
problems with the device.

For the first subtheme, in response to a general question, 2
participantsindicated that there were no difficulties or problems
using the device. For the second subtheme, 1 participant
indicated that using the device was “a little bit awkward” but
that once you practice a few times, it worked well. However,
all 7 participants identified specific difficulties or issues with
the device (subtheme 3). These concerns fell into 5
subcategories. (1) issues positioning and securing cuff; (2) cuff
toolargefor thearm; (3) knowing or remembering when to take
BP measurements; (4) error messages on display screen; and
(5) battery issues. These subcategories are described in detail
in Table 4.

Device Was Simple to Use

All 7 participants felt that the device was simple and
straightforward to use, as demonstrated by the following
conversation:

Interviewer: So, did you find the device simple, to
use?

Participant: Oh, yeah.

Interviewer: Yeah?

Participant: Yeah, | did. Yes.

Interviewer: And there was noth-was there anything
about it that maybe was a bit tricky at first?
Participant: No, not-ah, not really. If you just
followed the instructions, ah...the-all you gottadois
push the button and it-it goes, you know.

http://aging.jmir.org/2018/2/€10975/
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Interviewer: Yeah [laughing].

Participant: You don't have to figure it out. It's not
like you're doing ah...puzze or something like that.
Ah...

Interviewer: \ery true.
Participant: No, not at all. [Participant 1]

Comments About Wireless Capability and Components

Six participants commented on the wireless technology aspect
of the system. Overall, the participants knew that study staff
had plugged in 1 or 2 peripheral devices to assist with the
operation of the BP device, but they did not know what the
peripheral devices did; they did not touch these pieces during
their week of using the device.

Would Recommend Device to Someone Else

All participantsindicated that they would recommend thisdevice
to someone else if they needed regular BP monitoring.

Would Use Devicein Future

Six participantsindicated awillingnessto usethisdevicein the
future if their condition required regular BP monitoring.

Suggestions for I mproving the Device

Two participants indicated that no improvements were needed
in the BP device. One participant suggested that a helpful
improvement would be a signal from the device to indicate
when to take a BP measurement and another indicated that some
form of feedback from the device to know whether the device
was positioned and secured properly would be helpful. A third
improvement would be decreased tightness of the cuff, if
possible.

Assistance to Use Device

One participant required some assistance from his or her spouse
to use the device. The spouse did not assist during the morning
BP readings and assisted only during the afternoon or evening
readings. The spouse helped to secure and position the device
for the participant because it was difficult to do so with one
hand.

JMIR Aging 2018 | vol. 1 |iss. 2 | €10975 | p. 5
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR AGING Albrecht et al

Table 4. Specific difficulties or problems using the device.

Feature Description Supporting quote from interview

Issues positioning and securing cuff  Five participants found the cuff difficult to posi- Participant: And so, then you-[ stammers] you're trying to
tion and secure on the arm. Thiswaslargely an  tighten it. And then you put your-in the meantime, you're
issue of having enough dexterity to pull the struggling to try and get it...
fabrictight and wrapit around thearmwithonly | yterviewer: | see, yeah.
one hand. Participants indicated that while

pulling and fastening, the cuff would slide back Participant: ...and so you think, “ Okay, can | pull it with this?

and forth, and the participants were unsure if it No, that’s not gonna work”” So...I don’'t know how-and then,

was properly placed on the arm. Participants YU ra_i seyour bl °°d_ pressure trying to...
used the crook of the elbow aswell asthedot  Interviewer: [Laughing] | see, yes.
on the cuff as helpful guides but did not feel it participant: To-to do that.
was optimal. Interviewer: Kind of a catch-22. [Participant 6]
Cuff too large for arm Three participants found that the cuff wastoo ~ Participant: Yes. And the thing just slithered around. So it
large and the extramaterial was cumbersometo was not a good fit.
manage with asingle hand while securing the | yterviewer: Okay.

ff.
o Participant: It was a terrible fit.

Interviewer: It was-

Participant: Aterrible choice.

Interviewer: Too baggy?

Participant: Oh, yeah.

Interviewer: Yeah.

Participant: | should have had a small cuff.
Interviewer: Okay.

Participant: They always use a small cuff on me at
the...[ chuckling] when | go to the doctor. [Participant 2]

Knowing or remembering whento  Five participants expressed uncertainty about ~ Participant: Yes, but that was-trying to figure out that it was

take blood pressure (BP) measure-  knowing or remembering when to takethe BP  theright time.

ments measurements. For one participant thismeant | yerviewer: Uhum.
forgetting to take two measurements at onetime,
and for the other 2 participants, thismeant taking
readings at different times than directed.

Participant: You know, 10 to 12 hours apart. And | wasn’t
right in getting that every time.
Interviewer: Uhum.

Participant: | was a little bit...too short or too long, I'm not
quite sure which. [Participant 5]

Error messages on display screen  Two participants experienced error messageson  Participant: Ah, yeah. If | had an error message, I’d just...put-
the display screen. When an error message ap-  push the stop but-button, and push the Sart again.

peared on the device, both participantsattempted | terviewer: Okay. And that worked?
to take another BP reading and repeated this Partici - Uh

process until it worked and areading was dis- ticipant: Uhum.
played, which resulted in slight confusion. Interviewer: Okay. Well, that’s good.

Participant: Yeah.

Interviewer: Was it a little bit frustrating?

Participant: Ah...oh, | was beginning to wonder if I'mdoing
itright.

Interviewer: Yeah.

Participant: Isthere-isit my fault that it's getting the error
message? | don't think so. But it might have been. [ Participant

7
Battery issues One participant experienced abattery issuewith —
the device and did not know how to resolveit.
The participant called study staff to resolve the
issue; study staff replaced the battery, and the
participant continued to use the device.
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Discussion

Principal Findings

The purpose of this qualitative study, conducted concurrently
with an RCT, was to assess the usability and acceptability of
the home BP telemonitoring device among community-dwelling
senior citizens with hypertension. Previous research has shown
that 65% of the population aged =65 years would like to keep
up-to-date with technological advancements, which includes
health apps [26]; however, at present, there is a dearth of
information on the unique needs and demands of senior citizens
using medical devices at home [27]. In line with the results of
aresearch conducted by Ehmen et al in which they concluded
that mobile devices for measuring heart rate and
electrocardiography were well accepted by participants aged
=55 years[27], we hypothesized that participating senior citizens
in this study would rate the home BP telemonitoring device as
user friendly, acceptable, and useful for hypertension
management. This hypothesis was supported by the study
findings. However, a few issues were identified and potential
solutionswere explored in order to optimize device functionality
and its successful future use.

One unique aspect of our study in comparison to prior studies
isthe advanced age of the participants (average age, 86 years).
However, despite this difference, it is worth noting that our
findings of high patient acceptability are consistent with the
existing qualitative literature assessing patient views on BP
telemonitoring systems[28-31]. Other studies havea soincluded
care providers in the qualitative assessment and have reported
that while caregivers are generally supportive of the concept,
they are concerned about the time required to view and act on
telemonitored readings [30,31]. This underscores the need to
develop systems and protocol s that minimize provider timeand
replace (instead of adding to) existing workloads.

User-Friendliness of the Device

In thisstudy, all participants described the device as simple and
straightforward to use. Specifically, the start button was large
enough and easy to engage and the display screen was legible,
even for those with visual impairments. This demonstrates that
the design of this home BP telemonitoring is suitable for senior
citizens of advanced age. Device acceptability and usability was
enhanced by building a telemonitoring system that depended
only on activating the home BP monitor. The remainder of the
data transmission performed through communication between
the monitor and the hub, and the hub and the cloud, was
performed automatically. The fact that the monitor itself has
been designed according to regulatory requirements and
standards enhanced the probability that the users would find it
usable and acceptable, as long as they were not required to
perform additional steps besides activating a measurement.

Conversely, all participants identified one or more difficulties
related to using the device. Specific issueswere noted regarding
the design and application of the BP cuff component. For
example, it was described as being too large, having
cumbersome extramaterial when pulled tight, and being difficult
to place and secure with one hand. These concerns may be
related to the features of normal, age-related decline in
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psychomotor skills, including dexterity and hand-eye
coordination [32]; however, it is critical to optimize the design
by addressing these concerns to overcome the barriers to
implementation and successful adoption of home telemonitoring
technology.

Apart from the BP cuff component, participants noted that error
messages on the display screen were confusing, and one
participant did not know how to manage the device when the
batteriesran out. While theseissues are seen asnormal features,
albeit limitations, of current technology, older adults are more
affected by the distracting context, including unfamiliar or
unexpected error messages, making it challenging to perform
concurrent tasks, including changing batteries at the sametime
astaking a BP measurement [32]. These challenges are related
to cognitive load, and previous research has suggested that an
initial facilitated learning experience, supplemented with support
materials, can be used to train senior citizensin proper use and
functioning of the device and to resolve any potential errors or
issues that may arise [27].

An issue that arose that was peripheral to the BP device itself
was the lack of understanding of the wireless technology
required to enable the telemonitoring aspect of this system. Six
of 7 participants had little awareness of the rel evant technol ogy.
Participants knew, in general, that the hub assisted with the
operation of the telemonitoring system, but they were not clear
on specific functions and did not touch or interfere with these
components during their week of using the device. Thisfinding
is not surprising as consumers often lack understanding of the
inner workings of commonly used technologies such as mobile
phones and computers, but this lack of knowledge does not
preclude the use of these devices. In fact, rather than having an
intimate understanding of how the technology works, it ismore
important that users have access to assistance with
troubleshooting if the device is not working properly. Thus, it
is important that telemonitoring system vendors provide such
assistance.

Acceptability and Usefulness of the Device

As proxies for the acceptability and usefulness of the device,
participantswere asked if they would usethe devicein thefuture
and if they would recommend this device to a friend. All 7
participants indicated that they would recommend this device
toafriendin need of regular BP monitoring. The majority (n=6)
indicated a willingness to use this device in the future if their
health status required regular BP monitoring.

Recommendations for Future Developments

It is worthwhile noting two specific factors that may influence
future, appropriate use of this home BP telemonitoring device.
First, 5 of 7 participants indicated some difficulty knowing
when and how often to take measurementswith the device. This
could be addressed in both high- and low-tech approaches. For
example, a high-tech solution could be a programmable device
feature of either an audible signal or visual aid when it istime
to take BP measurements. This is the advantage that mobile
phone—connected strategies provide; however, these are not
appropriate for popul ations with limited technology literacy. A
low-tech solution could be to provide written, supporting
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information, like a daily calendar containing these details. For
5 out of 7 of participants, detailed instructions were provided
as part of the “ study pack”; this may indicate that the provided
information was not formatted optimaly to disseminate
operational instruction. The high-techimprovement (ie, asignal
from the device) was suggested by a participant during the
interview and would likely be acceptable to users.

Second, a number of participants indicated uncertainty about
whether they were using the device properly. Other than the
potential for an error message on the display screen, the device
did not have the capacity to provide patients with feedback as
to whether the device was properly positioned and secured for
optimal readings or if the readings were being properly
transmitted through the wireless connection. This concern was
noted by a participant when asked about suggestions for
improvement. Additionally, there was no explanation of the
error messages. When these warnings occurred, participants
repeatedly attempted to take additional BP readings until the
error message disappeared. It could be worthwhile to explore
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whether real-time feedback could be incorporated into the
machine, which could include awritten message on the display,
an auditory message (voice, beep, etc) from the device, or a
sensory message (squeeze, vibration, etc) in the cuff. This
functionality may be especially important for successful,
long-term use as the majority of participants lived alone and
did not have any caregiver assistance to use the device.

Conclusion

Overdll, the home BP telemonitoring device had very good
usability and acceptability among community-dwelling senior
citizens with hypertension. This was illustrated by all
participants indicating willingness to recommend this device
to afriend and 6 of 7 participants stating they would use this
device in the future. Additionally, all participants found the
device to be simple and straightforward to use. To enhance its
long-term use, afew improvements were noted that may mitigate
some of the relatively minor challenges encountered by the
target population.
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