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Abstract

Background Cuffless blood pressure (BP) measurement, enabled by recent advances in wearable devices, allows for
BP monitoring in daily life. This study aims to evaluate the feasibility, cresdence, and usefulness of cuffless BP monitor-
ing through a population survey.

Methods During the "Daily BP Measurement with Your Galaxy Watch" campaign held by the Korean Society of
Hypertension, participants were asked to share their experiences with cuffless BP measurement using a smartwatch
application through an online survey. The questionnaire included questions about age, underlying medical condi-
tions, smartwatch utilization, experience with BP calibration, the reliability of BP values measured by a smartwatch,
and willingness to use the BP monitoring function in the future.

Results A total of 1071 participants responded to the survey. The largest age group (decile) was 50-59 years old
(33.3%), followed by 40-49 years old (29.9%). Although nearly half of the participants (47.5%) had no chronic diseases,
40.1% reported having hypertension. BP monitoring was the most frequently utilized smartwatch function (95.8%),
followed by heart rate measurement (87.1%). 31.8% of participants reported that BP values measured by the smart-
phone application were "very accurate and helpful," while 63.5% rated them as "slightly lower (44.4%)" or "higher
(19.19%)" compared to the standard home BP monitoring device. 93% of the participants reported utilizing the BP
monitoring function at least once a week. Regarding the BP calibration process, most participants (93.9%) calibrated
the BP measurement application themselves, and 50.8% rated the difficulty level as "very easy"

Conclusion Cuffless BP measurement using a smartwatch application was feasible in the general population, includ-
ing the self-calibration process. However, the satisfaction level in terms of accuracy is still modest, indicating a need
for further development.
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Background

Hypertension is a significant and modifiable risk factor of
cardiovascular disease (CVD) [1, 2]. However, it is often
poorly recognized by the general public, despite affect-
ing over one-third of the global adult population. The
May Measurement Month 2019 Korea campaign, which
enrolled over 9,000 participants in an opportunistic
screening program, found that approximately one-third
had uncontrolled blood pressure (BP). However, over
20% of participants had not measured their BP in the last
12 months [3]. Younger individuals are even more igno-
rant of their BP, although the prevalence of hypertension
is already substantial from the third decade of life [3, 4].
According to the Korean National Health and Nutri-
tion Examination Survey (KNHANES-VII), although
the prevalence of hypertension in South Korea is 28.6%
in adult males and 16.8% in adult females, the aware-
ness rate does not exceed 70% [5, 6]. Under such circum-
stances, regular BP follow-up is challenging, and serious
BP-related medical conditions may occur before hyper-
tension diagnosis [7, 8].

Regular BP measurement is, however, important
among the established hypertensive population. Since
recent clinical trial data invariably showed the benefits of
intensive BP lowering [9, 10], accurate BP measurement
becomes even more crucial. It is a well-known issue that
there is a considerable portion of patients with a white-
coat or masked effect [11-13]. Moreover, since BP has
large variability throughout every day and every season,
regular and frequent BP monitoring is closely related to
CVD risk and mortality [8, 14].

Recent advances in smartphones and wearable device
technologies evolves their role as a promising tool for
long-term out-of-office BP monitoring [7, 15]. Smart-
phones are widely adopted in daily life, with smartphone
users exceeding 2.5 billion in 2019, according to a Pew
Research Centre survey conducted among 30,133 peo-
ple in 27 countries, with South Korea having the highest
rate reaching 95% [16]. Recently, the Korean Society of
Hypertension (KSH) and the European Society of Hyper-
tension Working Group on Blood Pressure Monitoring
and Cardiovascular Variability have published position
papers, respectively [7, 15]. These papers indicate the
potential role of cuffless BP monitoring using a smart-
watch application (App). The position papers commonly
indicate that cuffless BP monitoring enables patients with
hypertension and healthy individuals to measure their
own BP in their daily life.

An example of these mobile healthcare technologies is
the Samsung Health Monitor App of the Samsung Galaxy
Watch. This application measures BP on a smartwatch
by pulse wave analysis (PWA) method with photop-
lethysmography (PPG) technology and was approved as
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a Software as a Medical Device (SaMD) by the Ministry
of Food and Drug Safety (MFDS) of South Korea in April
2020. In addition, this application met the Association
for the Advancement of Medical Instrumentation/Euro-
pean Society of Hypertension/Internal Organization for
Standardization (AAMI/ESH/ISO) protocol, which was
developed for universal standardization of BP measuring
devices by a collaboration of AAMI, ESH, and ISO, and
received a CE-marking in December 2020 [17-19].

However, there are few reports regarding user experi-
ences and perceptions of cuffless BP measurement using
a smartwatch App. According to a population-based
study, there was a statistically significant difference
between wrist BP self-measurement at home and refer-
ence BP in the general population, even with appropriate
training [20]. Additionally, as the Samsung Galaxy Watch
uses the PWA method, it is necessary to calibrate the
App using a standard BP monitoring device. This process
might add further difficulties beyond the measurement
process. Therefore, to be widely adopted in the general
population and real clinical settings, the measurement
and calibration processes should be easy enough for peo-
ple unfamiliar with those mobile devices to utilize.

In this regard, we conducted a user survey about their
experiences and perceptions of cuffless BP monitoring
using a smartwatch. This study aims to evaluate the feasi-
bility, credence, and usefulness of cuffless BP monitoring
using a smartwatch App in real-world setting.

Methods

Recruitment

The event "Daily BP measurement with your Galaxy
Watch" was organized by the KSH from May 25 to June
8, 2022, to raise awareness of the public about the use-
fulness of cuffless BP monitoring using a smartwatch.
Interested participants voluntarily signed up on the KSH
website (http://www.koreanhypertension.co.kr), and only
adults (22 years or older) were eligible to participate since
the Samsung Health Monitor App is only available for
adults. Before participating in the event, the participants
were asked to sign an informed consent form available
on the KSH website. The research protocol for this event
was approved by the institutional review board of Seoul
National University Hospital (H-2207-026-1337).

To promote the event, the KSH used various social
media platforms such as Naver blog, Facebook, Insta-
gram, and Kakao Talk channel. Participants were incen-
tivized to participate through giveaways, which were
provided by lottery among those who correctly per-
formed the BP calibration, BP measurement, and trans-
mitting procedure as per the provided instructions
during the event period. The manufacturer of the device
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was not involved in the study, including study design,
conduction, and data interpretation.

Participants’ survey

During the event, participants of the event were
requested to share their BP measurement experience
using a smartwatch App through online survey. The ques-
tionnaires are divided into three areas. First part was the
questions about participants' characteristics, including
age, underlying medical condition, and the length of the
smartwatch use. Second part was the question about the
status of smartwatch utilization, including the question
about health-related functions of the smartwatch, fre-
quency of exercise with wearing the smartwatch, users’
perception about accuracy and reliability of BP monitor-
ing function, and willingness to use the BP monitoring
function in the future. The third area was the question
about the BP calibration process, including feasibility and
the way of the calibration process. Questions included
in the questionnaire are translated and listed in Table 1.
There were no additional exclusion criteria. All responses
sent by event participants were included.

Data collection and statistical analysis

During the campaign, participants were asked to cali-
brate the smartwatch using an automated upper-arm
cuft-based BP monitor approved by the Ministry of Food
and Drug Safety. Step-by-step instruction for BP calibra-
tion was as follows according to the position statement
of the KSH [15]: (i) avoid alcohol, caffeine, and nico-
tine intake, exercise, and bathing 30 min before correc-
tion; (ii) sit comfortably with your back in a chair; (iii)
wear your smartwatch on the wrist, without overtight-
ening; (iv) position the cuff around the middle of the
upper arm on the same side wearing smartwatch; (v)

Table 1 Survey questionnaires
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tap ‘start calibration’ button on the smartphone con-
nected to the smartwatch; (vi) take a reference BP value
by the cuff-based BP monitoring device; (vii) put the BP
value appeared on the cuff-based BP monitoring device
in the smartwatch application; (viii) repeat these for two
more times. After the first calibration, participants were
instructed to measure their BP twice daily, morning and
evening. After a total of 14 measurements over a week,
they were instructed to recalibrate their smartwatch.
After the second calibration, they were asked to measure
their BP twice a day again for one more week, just as they
had done before. After every measurement was made,
participants were instructed to extract their BP reading
data from the Samsung Health Monitor App and send
their BP measurement results to the Kakao Talk channel
or e-mail address of the KSH in the form of a PDF file.
It is recommended to select the last three months from
last week, last month, last three months, and last year as
the extraction period option so that data for the entire
period of the event can be extracted without loss. All per-
sonally identifiable information transferred was used for
research and analysis in a form in which individuals can-
not be identified.

No specific statistical method or statistics program was
used to analyze the survey results, and survey data were
analyzed mainly with percentage (%) values.

Results

Participants’ characteristics

A total of 13,539 people applied for the event "Daily BP
measurement with your Galaxy Watch." Among the
participants who applied and received the question-
naire, 1,071 people responded to the survey. The larg-
est age group was 50-59 years old (33.3%), followed by
40-49 years old (29.9%) and 30—-39 years old (16.7%). The

No Questions

What is your age?

O 00 N O L1 A W N —

Do you have any underlying medical conditions? (Select all)

How long do you use your smartwatch?

Please select all smartwatches that you have used

How many times a week do you exercise with your smartwatch?

Among the health monitoring applications of the Galaxy Watch, which do you utilize?

Which arm did you use to calibrate the Galaxy Watch blood pressure (BP) measurement application?
Who performs the BP calibration process of the Galaxy Watch BP measurement application?

How much do you estimate the difficulty level of the calibration process of the Galaxy Watch BP

measurement application? (Out of 10 points)

10 How do you compare the accuracy of the Galaxy Watch BP measurement application with a stand-
ard home BP measurement device?

11 How often will you use the BP measurement application after the event?
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population group of 20-29 years old accounted for 6.6%
of the total, and only 2.0% were over 70 (Fig. 1A). Regard-
ing the length of smartwatch usage, 86.2% of participants
had been using a smartwatch for more than a year, with
45.9% using it for more than 2-3 years, 22.1% for more
than 3—4 years, and 11.7% for more than five years. Only
12% of participants were first-time smartwatch users at
this event (Fig. 1B). Regarding underlying medical con-
ditions, nearly half (47.5%) of the participants responded
that they had no history of chronic disease, while 40.1%
reported having hypertension, followed by diabetes mel-
litus (9.6%), hyperlipidemia (3.6%), angina pectoris/
myocardial infarction (3.5%), stroke (1.4%), and other
conditions (1.7%) (Fig. 1C). Detailed information about
participants’ age distribution, duration of smartwatch
usage, and underlying medical conditions is shown in
Fig. 1.

Status of the smartwatch utilization

Among the health-related apps built into the smartwatch,
BP monitoring (95.8%) was the most commonly uti-
lized app, followed by heart rate measurement (87.1%),
electrocardiogram (64.2%), stress evaluation (62.9%),
body fat examination (57.8%), oxygen saturation meas-
urement (53.4%), and snoring detection (35.3%) (see
Fig. 2A). With regards to the frequency of exercise using

1.9%_ 0.1%

6.6%

W 20-29 years old
30-39 years old
[ 40-49 years old
M 50-59 years old
W 60-69 years old
70-79 years old

80+ years old

None
Hypertension
Diabetes mellitus IEE——— 0.(6%,
Hyperlipidemia m— 3.6%
Angina pectoris/Myocardial infarction —H——s 3.5%
Stroke W 1.4%
Others ™ 1.7%
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a smartwatch, 66.8% of users exercised while wearing a
smartwatch at least three times a week. 21.1% exercised
1-2 times a week with a smartwatch, while 3.5% exercised
2-3 times a month with a smartwatch. 5.5% had never
exercised while wearing a smartwatch (see Fig. 2B). The
most frequently used smartwatch model was the Galaxy
Watch 4 (44.7%), followed by the Samsung Galaxy Watch
3 (26.7%), Samsung Galaxy Watch Active 2 (19.9%), Sam-
sung Galaxy Watch 4 Classic (19%), Samsung Galaxy
Watch (17%), and Samsung Galaxy Watch 2 (11.3%). The
Apple Watch 1-6, Galaxy Fit, and Mi Band were used by
1-2% of participants for each model.

In terms of the usefulness and reliability of the BP
monitoring app on smartwatches, 31.8% of participants
answered that the smartwatch’s BP monitoring was ‘very
accurate and helpful! 44.4% rated it as ‘displaying slightly
lower BP levels than their conventional counterpart but
still helpful, and 19.1% think that it ‘displays slightly
higher BP levels than their conventional counterpart but
still helpful’ Only 1.3% said it was ‘not accurate to be of
help to’ (see Fig. 2C). When asked about their intention
to use the BP monitoring function in the future, 93% of
participants said they would use it at least once a week
regularly in the future, with 53.5% saying they would use
it daily (see Fig. 2D). Detailed information about the sta-
tus of smartwatch utilization is shown in Fig. 2.

1.8%.,

M For the first time

‘
40.3%
23.8%

Last year

[ Last 2~3 years

[ Last 3~4 years

W More than 5 years
Others

47.5%
40.1%

Fig. 1 Baseline characteristics of participants. A Age distribution divided into ten years. B Duration of smartwatch usage. C Combined medical

conditions (Multiple choice)
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Blood pressure (BP) measurement IE_————_ 95.8%
Heart rate measurement  IEE——————————— 37.1%
Electrocardiogram I (4.2%
Stress check IIEEG—G— 62.9%
Body fat measurement IEEEEEG—G—_ 57.8%
Oxygen saturation measurement —IEEG_—_—<—_ 53.4%
Snoring detection NN 35.3%

0,

B Very accurate and helpful
Slightly lower but helpful
[ Slightly higher but helpful

44.4%
[ Not accurate to be of help

Cannot decide accuracy
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3.1%

M More than 3 times/week
1~2 times/week

M 2~3 times/month

M Do not exercise

Use smartwatch for the first time

M Monitor every day
Monitor 2~3 times/week
M Monitor 1~2 times/week

M Monitor 1~2 times/month

Monitor irregularly, when needed

Fig. 2 Status of smartwatch utilization, including BP monitoring function. A Utilization of health-related applications (Multiple choice). B Frequency
of exercise per week using smartwatch. C Perceived accuracy and usefulness of BP monitoring application. D Willingness to further use the BP

monitoring application after the survey

Experience with BP calibration using a smartwatch
Regarding the calibration process of a smartwatch for
BP measurement, 75.9% of participants used the arm
wearing the smartwatch for calibration, while 24.1%
used the arm not wearing the smartwatch (Fig. 3A). The
reason for including this question is that the BP meas-
urement manual of the Samsung Galaxy Watch and the
KSH’s recommendations for BP calibration differ. The
manual for the Samsung Galaxy Watch recommends
wearing a cuff-type BP monitoring device on the arm
not wearing the smartwatch during BP calibration, but
the KSH recommends wearing it on the arm wearing
the smartwatch.

Most participants (93.9%) were able to calibrate their
BP by themselves without needing help from others
(Fig. 3B). Regarding the difficulty of the calibration pro-
cedure with a cuff-based BP monitoring device, 93.2%
of responders rated the process as easy enough for
them to do by themselves without assistance. Among
them, 50.8% rated the difficulty of the BP calibration
process as ‘very easy. Only 3.7% said they needed fam-
ily assistance to perform BP calibration, and only 0.4%
said they could never calibrate their BP by themselves
(Fig. 3C). Detailed information about the feasibility and
users’ perception of BP calibration using a smartwatch
BP monitoring application is shown in Fig. 3.

Discussion
The main findings of this study can be summarized as fol-
lows: Smartwatches were widely utilized in the middle-
aged group. Although the use of BP measurement using
a smartwatch app in the hypertensive population is not
recommended in the position papers from the academic
societies as well as the producing company, about 40% of
the users had hypertension. More than 50% of the par-
ticipants found the BP monitoring function of a smart-
watch quite useful and were willing to utilize it daily.
However, only one-third of the participants responded
that the accuracy of the smartwatch’s BP monitoring app
was comparable to the standard home BP measurement
device. Most users were able to perform BP calibration on
their own without assistance. To the best of our knowl-
edge, this study is the first to investigate the real users’
perception of the BP measuring app of a smartwatch.
Noticeably, middle-aged populations widely utilize
smartwatches, contrary to the common thought that
smartwatches are mainly used in the younger genera-
tion. Additionally, approximately 40% of smartwatch
users had hypertension as an underlying medical con-
dition. Until now, the utilization of BP monitoring apps
in smartwatches as a medical tool is not recommended
in patients with underlying medical conditions like dia-
betes mellitus, cardiomyopathy, end-stage renal disease
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M Arm with smartwatch
B Arm without smartwatch

C.

60.0%
50.8%
50.0%

40.0%

30.0% 25.1%

20.0%
9.6%

2

7.7%

3 4 5
(Can do by myself)

10.0%
2.2%

0.0%
Score: < 1

(Very easy)
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B.
6.1%
93.9% M By oneself
[ Others
0.7% 1.6% 1.0% 0.7% 0.4%
— — — —
6 7 8 9 10 p

(Need family assistance) (Can’t do alone)

Fig. 3 Feasibility of BP calibration process of smartwatch BP monitoring application. A Arm used in measurement by standard home BP monitoring
device. B Assistance of the calibration process. C Self-estimation of difficulty in BP calibration (10-point scale). Score 1 means ‘very easy, Score 4
means ‘can do by myself, Score 7 means ‘need family assistance; and Score 10 means ‘can’t do alone’

(ESRD), and high systolic BP >160 mmHg or low dias-
tolic BP <60 mmHg [15]. However, it is remarkable that
smartwatches are already being utilized by those with
underlying diseases, including hypertensive patients.
Therefore, further studies investigating the accuracy of
BP measurement in patients with underlying diseases,
including hypertension, are warranted.

The results of this survey suggest that BP monitor-
ing using a smartwatch has an advantage in terms of
user compliance, and the high willingness to utilize the
BP monitoring App supports the possibility of using the
smartwatch as a medical device for long-term out-of-
hospital BP monitoring. However, the perceived accuracy
level of the BP measuring function by the users is limited,
with 63.5% of the participants rating the accuracy of BP
values measured by a smartwatch as less accurate than
conventional BP measuring devices. Technical develop-
ment is needed to meet the high standard of the current
medical standard, especially in the hypertensive range of
BP.

Regarding the BP calibration procedure of the smart-
watch using PPG technology, it was feasible for most
smartwatch users to calibrate the BP of the Sam-
sung Health Monitor application with a ‘conventional’
home BP measurement device for themselves without
assistance from others. We asked whether users used
the same arm or the contralateral arm for calibra-
tion because the Samsung company and the position

paper from the KSH recommended different arms. The
manual of the Samsung Galaxy Watch recommends
positioning the cuff on the user’s arm not wearing a
smartwatch, while the KSH recommends putting the
cuff on the arm wearing a smartwatch. The method
recommended by the company has the benefit of simul-
taneous measurement between the BP measurement
App and the standard home BP measurement device,
thus eliminating time-related bias. In contrast, the KSH
method pays attention to the BP difference between
the two arms. According to epidemiological studies,
the mean inter-arm BP difference was 3.3 mmHg for
SBP and 2.0 mmHg for DBP [21]. This inter-arm differ-
ence can cause an intrinsic~3 mmHg error that can-
not be corrected when using the arm not wearing a
smartwatch. Additionally, using the contralateral arm
for calibration might not provide the benefit of simul-
taneous measurement in reality. If there is someone to
help the user, like research nurses in a clinical trial, the
user can measure the BP in both arms and check the
difference in SBP between the arms. However, in real-
world settings, users cannot calibrate BP and use cuff-
based BP monitoring devices simultaneously without
help. Therefore, since there is no advantage to using the
other arm with this inter-arm BP difference, the KSH
position paper recommends using the arm wearing a
smartwatch [15], and the response in this survey also
support the KSH method.
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This study has some possible limitations, such as the
prize giveaway during the event which could have influ-
enced participants to respond in a more positive direction,
and a potential selection bias as the survey was conducted
among those who voluntarily participated in the event.
Additionally, the high cost of a smartwatch may have
biased the age composition of participants.

Conclusions

Cuffless BP monitoring using a smartwatch App is feasi-
ble in the general population, including the self-calibration
process. However, the accuracy level needs further devel-
opment to meet the current medical standard.
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