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Abstract

Smartphone technology has spread rapidly around the globe. According to a report released by the Korea
Information Society Development Institute, about 95% of Koreans aged more than 30 years old owned
smartphones. Recently, blood pressure (BP) measurement using a photoplethysmography-based smartphone
algorithm paired with the smartwatch is continuously evolving. In this document, the Korean Society of
Hypertension intends to remark the current results of smartphone / smartwatch-based BP measurement and
recommend optimal BP measurement methods using a smartphone device. We aim to increase the likelihood of
success in implementing these new technologies into improved hypertension awareness, diagnosis, and control.
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Background
Higher blood pressure (BP) levels are associated with an
increased risk of cardiovascular disease (CVD) and mor-
tality [1]. Moreover, the probability of progression to
hypertension (HTN) and the risk for a cardiovascular
(CV) event was higher in the elevated BP or prehyper-
tension groups than those in the normal BP group [2].
Although the overall management of HTN has improved
over the past few decades, the rates of awareness, treat-
ment, and control are recently stagnant even in the de-
veloped countries [3].

Accurate measurement of BP is essential for the diag-
nosis, treatment, and prognostication of individuals with
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hypertension [4, 5]. In the office or in the clinic, the aus-
cultatory method of measuring BP using a stethoscope is
still considered as a standard one. BP measuring devices
include a mercury sphygmomanometer, an aneroid
sphygmomanometer, and an electronic sphygmomanom-
eter. The mercury sphygmomanometer has been re-
placed by an electronic or aneroid sphygmomanometer
because of environmental mercury pollution. The im-
portance of BP measurement outside the office has con-
tinuously empathized in clinical practice. Out-of-office
BP measurement provides better prognostic information
than office BP measurement alone [6]. Moreover, the
self-measurement of BP can improve HTN awareness
and also adherence [7].

Mobile technology has been widely adopted all over
the world. Today, more than 5 billion people use mobile
devices, and over a half of these are smartphones. Ac-
cording to a report by the Korea Information Society
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Development Institute in 2018 [8], 37.8% of Koreans
aged more than 70years old owned smartphones in
2018, comparing 3.6% in 2013. The number of smart-
phone users increased over the last 5 years, with the
number for people in their 60s rose from 19 to 80.3%,
50s from 51.3 to 95.5%, 40s 81.3 to 98.4%, and 30s 94.2
to 98.7%. Indeed, the percentage of adults who own
smartphones is higher in South Korea than in any other
developed countries (95%), including Israel (88%) and
the Netherlands (87%) [9]. Even before the emergence of
smartphones, various wearable devices were developed
to estimate BP by photoplethysmographic sensors and
signal analysis [10]. However, shortly after the introduc-
tion of the conventional smartphone in 2007 (iPhone)
and 2008 (Android), it was soon discovered that the
smartphone camera could be used as a photoplethysmo-
graphic sensor to obtain a signal waveform [10]. Re-
cently, BP measurement using ‘cuffless’
photoplethysmography-based  smartphone algorithm
paired with the smartwatch is continuously evolving. In-
deed, recent smartwatch devices fulfilled the require-
ment for a medical device in the International
Organization for Standardization (ISO) 81,060-2:2018
Non-invasive sphygmomanometers [11].

In this document, the Korean Society of Hypertension
intends to remark the current results of smartphone /
smartwatch-based BP measurement and recommend op-
timal BP measurement using a smartphone device. We
aim to describe the current limitations and requirements
to guide the successful implementation of these new
technologies for improving HTN awareness, diagnosis,
and control.

Part 1. Current results of smartphone-based blood
pressure measurement

Data source and searches

The Pubmed database was systemically searched for
studies published from January 2010 through July 2020.
Our Pubmed search query was ‘smartphone’ or ‘smart
phone’ and ‘blood pressure’, explicitly focusing on title/
abstract. We included every paper until July 2020. Not
only English but also every paper in other languages
were included. Also, all references from selected papers
were therefore assessed for relevant studies.

Studies retrieved from the initial database search were
examined by predetermined selection criteria. Inclusion
criteria were as follows: (1) related to direct BP measure-
ment, and the measurement method is different from
the conventional method; (2) smartphone is used as a
BP measuring device; (3) original paper that conducted
experiments on real people. The exclusion criteria were
as follows: (1) an application (App) encouraging BP
measurement; (2) principle of oscillometric or sphygmo-
manometer are used as a measurement method; (3) Self-
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manufactured equipment; (4) Review papers. Observa-
tional studies, study protocols and designs, studies with
an abstract presentation, and duplicates were all
excluded.

Search results

A total of 368 papers were initially identified from the
Pubmed database; 34 duplicated papers were excluded.
The remaining 334 studies were then screened by two
independent cardiologists. We excluded 293 papers be-
cause of the low relevance of the title and abstract of this
paper. A further 11 papers were excluded because they
did not evaluate the smartphone as a BP measurement
device. After reviewing the full text of the remaining 30
papers, 18 papers were excluded due to reviews or non-
human studies. All of the 12 papers were included in a
narrative synthesis. A flow diagram of the selected stud-
ies is shown in Fig. 1.

Study characteristics

The characteristics of the 12 papers are shown in
Table 1. Six studies were conducted in general subjects
with normal BP, and the other six studies evaluated in
subjects with varying BP ranged. Seven studies used
iPhones as a BP-measuring device, three for Galaxy, and
the rest for Google Pixel, Android, and Nexus, respect-
ively. Four studies used a sphygmomanometer as a com-
parison method, while eight used the oscillometric
method, and one used a finger sensor.

Two studies satisfied the Association for the Advance-
ment of Medical Instrumentation (AAMI) criteria [24],
which indicates that only these studies can be used as a
valid BP measuring instrument. The other ten studies
did not meet the criteria. In a paper on various BP stud-
ies, the more the BP values deviated from normal, the
larger the error was. In addition, all studies have stated
that further studies are warranted on the limitation of
the insufficient number of samples and how accurate re-
sults will be obtained when this is done in real human
subjects.

In the case of the early developmental period imple-
menting smartphones as BP measuring devices by using
the heartbeat and photoplethysmographic wave analysis
combined with the computerized algorithm, the accur-
acy was between 95 ~ 100%. However, there were large
fluctuations depending on the method of measurement
[12]. Therefore, the measurement results were presented
as BP ranges rather than actual BP values. In that case of
describing the accuracy by BP range, F-scores of 0.78
and 0.8 {systolic BP (SBP) and diastolic BP (DBP)} were
higher than using actual values [13].

Afterward, many studies have been conducted to
use smartphones as BP measuring devices. However,
there were no satisfactory results proving consistency
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Fig. 1 Study selection

Table 1 Summary of smartphone / smartwatch-based cuffless blood pressure measurement

Year Authors Subjects Type of subjects Device Comparison (Measuring Mean + SD (mmHg)
location / device) SBP DBP

2013 Chandrasekaran, et al. [12] 500 Healthy subjects  Nexus One Brachial cuff / Mercury +24473 (95% Cl) +1.7073 (95% Cl)
sphygmomanometer

2014 Visvanathan, et al. [13] 156 Variable subjects  Iphone4 Brachial cuff / ETCOMM 0.78 (F-score) 0.80 (F-score)
HC-502

2016 Plante, et al. [14] 85 Variable subjects  iPhone 55, 6 Brachial cuff / Omron 907, 124+105 10.1+£8.1
907XL

2016 Gauray, et al. [15] 3000 Healthy subjects  galaxy note 5 Brachial cuff / Mercury 0.16£6.85 003+4.72
sphygmomanometer

2016 Alexander, et al. [16] 100 Healthy subjects  iPhone 55 Brachial cuff / Welch Allyn —06+12.8 +72+92
Propag CS Monitor

2016 Gao, et al. [17] 78 Healthy subjects  Android phone Brachial cuff / A&D UA- 51+43 46+43
767PBT

2018 Raichle, et al. [18] 32 Variable subjects  Iphone 4 Brachial cuff / Omron- 504145 NA.
HBP-1300

2018 Wang, et al. [19] 7 Variable subjects  Google pixel phone Brachial cuff / Microlife N.A. 48+47
BP3NAT-1x

2018 Chandrasekaran, et al. [20] 20 Healthy subjects  iPhone X Brachial cuff / Omron —-40+114 -94+97
BP786

2018 Dey, et al. [21] 205 Variable subjects  Galaxy S6 Brachial cuff / Mercury 6.90 +9.00 500+6.10
sphygmomanometer

2018 Matsumura, et al. [22] 49 Variable subjects  iPhone 65 Brachial cuff / NISSEI, DS- 067 £12.7 045+86
S10

2019 Luo, et al. [23] 1328 Healthy subjects  iPhone 6+ Finger sensor / CNAP 500 0.39+7.3 -0.20+6.00
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with the standard BP measured by standard brachial
BP measured by sphygmomanometers satisfying the
AAMI standard [14, 15, 17-19].

However, recent studies have shown much-improving
data by applying ubiquitous models or linear polynomial
equation [21, 22]. Finally, the proof-of-concept study ap-
plying an iPhone camera sensor for BP monitoring via
the oscillometric finger pressing method showed bias
and precision errors of —4.0 and 11.4 mmHg for SBP
and - 9.4 and 9.7 mmHg for DBP [20]. These errors were
near the finger cuff device errors, which is FDA-cleared
for measuring brachial BP [25, 26]. Furthermore, this
smartphone-based BP measurement using transdermal
optical imaging technology method results in normoten-
sive adults fall within 5 + 8 mmHg of reference measure-
ments, which satisfied a key accuracy threshold bias and
SD when testing proceeds according to the AAMI stand-
ard [23, 24].

There are two critical concerns about BP measure-
ment using a smartwatch device. One is that the accur-
acy of the photoplethysmographic sensor-based BP
measurement is not validated. The existence of sur-
rounding near-infrared (NIR) light sources could disturb
accurate measurement [10]. Another problem is that
there is low reliability of wrist BP because of an error in
home self-measurement at the wrist despite appropriate
training [27]. Although the data were from the cuff-
inflation method of wrist BP, an appropriate static pos-
ition is difficult in wrist measurement.

In summary, recent studies of BP measurement using
a smartwatch device reported acceptable accuracy within
5+ 8 mmHg of reference measurements, which satisfied
a key accuracy threshold bias and SD when testing pro-
ceeds according to the AAMI standard. However, there
is concern of wrist BP self-measurement at home even
despite appropriate training.

Part 2. Recommendations of blood pressure
measuring method using smartwatch device

In order to use smartwatches as BP measuring device, it
is mandatory to calibrate BP inputting the user’s BP
values obtained by the standard BP monitoring device
regularly. This calibration process might have the ancil-
lary benefit to increase the awareness of BP. During the
calibration process, it is recommended to measure BP by
three times at least 2 min apart. Also, when the user
changes the wrist wearing a smartwatch, the calibration
process should be repeated.

The major issue in the calibration process is the differ-
ence in BP between the two arms. The mean inter-arm
difference was 3.3 mmHg for SBP and 2.0 mmHg for
DBP in extensive epidemiologic studies [28]. An in-
creased inter-arm SBP difference (> 10 mmHg) is found
in 5-10% of the population, associated with a future
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increase in SBP or progression to HIN [29]. Therefore,
if the calibration was performed based on the BP values
measured in the opposite arm, this can cause at least 3
mmHg error, which cannot be corrected by any internal
calibration mechanism.

In the clinical trial, the research coordinators could
help the subjects calibrate in the opposite arm while
measuring BP using a smartwatch device. In this setting,
simultaneous calibration using the opposite arm can
minimize the temporal variation of BP. However, in the
real world situation, the user cannot calibrate simultan-
eously without assistance, and then there is no benefit
using the opposite arm for the calibration. Therefore,
the experts recommend calibrating the smartwatch de-
vice using the same arm measurement of BP after ac-
quiring photoplethysmography-based pulse signals in the
smartwatch sequentially. It is crucial to acquire acquir-
ing photoplethysmography-based pulse signals first be-
cause upper arm compression by cuff can influence the
pulse signals by hyperemia [30]. In the American Heart
Association BP measurement guideline [31], separate BP
measurement repeated by 1-2min is recommended.
Venous congestion or hyperemia has traditionally been
thought to affect the BP measurement results, especially
when the Korotkoff method is used. However, in recent
reports, very short time intervals between readings did
not produce different values from conventional intervals
when oscillometric devices were used [32].

The recommendation of the traditional cuff-based
BP measurement method should be commonly ap-
plied to the smartwatch device, especially if the BP
value was used for the diagnosis and the treatment of
HTN*. The overview of proper seated BP measure-
ment using a smartwatch device was summarized in
Table 2.

In addition, the accuracy may be further reduced in
patients with several medical conditions: aortic valve
insufficiency with wide pulse pressure, atrial fibrilla-
tion with considerable beat-to-beat variability, periph-
eral vascular disease with weak perfusion, diabetes,
cardiomyopathy, ESRD, neurological disorders such as
hand tremor, blood clotting disorder, or taking anti-
platelet agents / anticoagulants. It is also not recom-
mended for pregnant women as the vascular
characteristics differ from those of the general popu-
lation due to the large hormonal changes (sudden
and dramatic increases in estrogen & progesterone)
during pregnancy [18].

In summary, the adequate training of BP self-
measurement by standard method summarized in Table
2 is essential part for the accuracy. BP measurement
using a smartwatch device is not recommended in pa-
tients with several medical conditions, high SBP =160
mmHg, or low BP <60 mmHg.
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Part 3. Gaps in the evidence and need for further
studies

Currently, the purpose of BP measurement using a
smartwatch device is likely to increase awareness of BP
and possibly to detect HTN early in the general popula-
tion, rather than to monitor treatment response in
hypertensive patients. Because the current standard of
AAMI validated device includes a calibration process,
for the time being, accessibility to those devices seems to
be low in the older generations. In contrast, considering
that low awareness rate of HTN in those in the 30s to
40s age groups who may be more accustomed to those
devices, smartwatch-based BP measurement can offer an
opportunity to make young adults pay attention to high
BP and start HTN treatment early.

However, it is well expected that hypertensive patients
will use smartwatch devices for BP monitoring either in
resting conditions or stress conditions. There is still
scanty evidence in the use of a smartwatch device for
hypertensive patients. Indeed, recent smartwatch devices
fulfilled the requirement for a medical device in ISO
81060-2:2018 Non-invasive sphygmomanometers, so-
called AAMI standard [11]. Although the clinical study
enrolled the subjects whose gender, age, and ethnicity
distribution were well satisfied with ISO criteria, only
30% of the subjects were hypertensive, and the measure-
ment error increase according to BP increase. Therefore,
the feasibility of the smartwatch device use in HTN
management should be tested in many steps of clinical
studies.

In terms of “usual BP” controversy, it could be
reconsidered if a new standard for the validation of
the smartwatch device to measure BP in an ambula-
tory or daily living setting is a need. In other words,
when a device calibrated at resting condition, which
is supposed to be used in an ambulatory setting, the
accuracy of BP measured in an ambulatory setting
may not be extrapolated from the calibration data.
Because the reference value for the validation of a BP
measuring device is only for the resting status regard-
less of invasive or non-invasive methods, how ambu-
lation or non-resting condition would have impacts
on the calibration parameters for smartwatch needs
to be incorporated to the resting calibration data if it
is possible to quantify the degree of ambulation or
non-resting states. Alternatively, we might use the ref-
erence value established during the ambulatory set-
ting, even though it does not seem feasible. In that
case, it could be applied to the validation of a smart-
watch to measure BP during daily living directly with
the big data-based calibration to overcome the in-
creased number of calibration parameters in various
ambulatory situations. Therefore, the consensus on
the need for new validation reference for smartwatch
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devices and its development will have a big impact on
BP measurement and its related research fields.

Likely, the use of self-monitoring for the routine evalu-
ation of hypertensive patients will be accelerated using
the smartwatch devices. This trend may be recom-
mended as part of a general movement in which patients
play an increasingly important role in the management
of their health. Poor adherence to therapy has been rec-
ognized as one of the most critical factors contributing
to uncontrolled HTN. Knowing patients’ BP for them-
selves will be the most important way of improving pa-
tient’'s adherence to lifestyle changes and/or medical
treatment. In contrast, if patients titrated their medica-
tion based on the inadequate BP measurement, there
might be harms such as doubling or skipping a dose. Im-
portantly, self-monitoring of BPs were not evenly distrib-
uted in 24'h or 7 days, or even seasons [33]. Especially
there are concerns that high BP values measured by in-
accurate methods might result in unnecessary psycho-
logical stress, false-labeling of HTN, and further
overspending on medical expenses [34]. The cost-
effectiveness analysis of BP measurement using a smart-
watch is necessary at some point.

However, BP measurements using a smartwatch might
open a new field of dynamic evaluation of BP. Although
absolute BP values appear to be the most important fac-
tors determining prognosis, BP variability (BPV) has also
been proven in many studies to be an independent and
robust indicator of a future cardiovascular events [35].
However, conventional BP measurement, even including
ambulatory blood pressure measurement, mainly fo-
cused on the resting state’s static BP measurement.
However, the smartphone / smartwatch-based BP meas-
urement will naturally report BP change in daily living
and physical/emotional stress, thus opening a new chap-
ter of BP research regarding dynamic BP change. BPV is
higher during weekdays and winter season, supporting
that environmental factors such as job stress and the
outside environment influence BPV [33]. With a more
comprehensive application of smartphone / smartwatch-
based cuffless BP measurement, the research about BPV
in dynamic conditions will be brisk.

In summary, current status of BP measurement using
a smartwatch device is for increasing awareness of BP
and possibly detecting HTN early in the general popula-
tion. And it is still not recommended to use BP meas-
urement using a smartwatch device for monitoring
treatment response in hypertensive patients.

Conclusion

Smartphone technology has spread rapidly around the
globe. Moreover, BP measurement using a
photoplethysmography-based  smartphone algorithm

paired with a smartwatch will continue to grow in the
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foreseeable future. No one can be irresistible against this
flow of the times. Recently, BP measurement using a
photoplethysmography-based  smartphone algorithm
paired with a smartwatch is approved as a medical de-
vice, fulfilled ISO standards. The current results showed
acceptable accuracy in the study population. However,
there is still a considerable discrepancy in high or low
BP ranges than the conventional BP measurement. The
use of smartwatch-based BP measurement can improve
HTN awareness, and especially in the younger popula-
tion. However, there is still scanty evidence in the use of
smartwatch devices for hypertensive patients. The con-
venience and easy-to-use is the motto of the smartphone
/ smartwatch device; however, it might be a ‘double-
edged sword’ if the measurement were not correctly per-
formed. Therefore, adequate education of the BP meas-
urement method is essential to maximize benefit. Future
efforts (and collaborations) should also be made by both
researchers and companies to evaluate the effectiveness
and usability of medical devices for the hypertensive
population.
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