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Is the Blood Pressure-Enabled Smartwatch Ready to Drive
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Abstract

Background: The popular wrist-worn wearables recording a variety
of health metrics such as blood pressure (BP) in real time could play
a potential role to advance precision medicine, but these devices are
often insufficiently validated for their performance to enhance con-
fidence in its use across diverse populations. The accuracy of BP-
enabled smartwatch is assessed among the multi-ethnic Malaysians,
and findings is discussed in comparison with conventional automated
upper-arm BP device.

Methods: Validation procedures followed the guidelines by the As-
sociation for the Advancement of Medical Instrumentation/European
Society of Hypertension/International Organization for Standardi-
zation (AAMI/ESH/ISO) Universal Standard (ISO 81060-2:2018).
Quota sampling was employed to obtain eligible patients with normal
and abnormal BP as per guideline. The measurements of BP were
taken at wrist using HUAWEI WATCH D (test BP); and the read-
ings were assessed against reference BP by the mercury sphygmoma-
nometer. Agreement statistics and linear regression analyses were
performed.

Results: BP measurements (234 data pairs) from 78 patients that
fulfilled AAMI/ESH/ISO protocol were analyzed. The BP readings
taken by the HUAWEI WATCH D were comparable to reference BP
by sphygmomanometer based on 1) Criterion 1: systolic blood pres-
sure (SBP) = -0.034 (SD 5.24) and diastolic blood pressure (DBP) =
-0.65 (SD 4.66) mm Hg; and 2) Criterion 2: SBPs =-0.034 (SD 4.18)
and DBPs = -0.65 (SD 3.94) mm Hg. Factors of sociodemographic
characteristics, anthropometric measurements, cardiovascular comor-
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bidities, and wrist hair density were not significantly associated with
the mean BP differences.

Conclusions: HUAWEI WATCH D fulfilled criteria 1 and 2 of the
AAMI/ESH/ISO Universal Standard (ISO 81060-2:2018) guidelines.
It can be recommended for clinical use across a wider population.
The rich data from real-time BP measurements in concurrent with
other health-related parameters recorded by the smartwatch wearable
offer opportunities to drive precision medicine in tackling therapeutic
inertia by personalizing BP control regimen.

Keywords: mHealth; Wearables; Smartwatch; Blood pressure; Vali-
dation; Precision medicine; Precision health

Introduction

High blood pressure (BP) or hypertension and pre-hyperten-
sion are significant risk factors that contribute to cardiovas-
cular-related deaths and disabilities [1, 2]. The global disease
burden of hypertension is huge with an estimated 1.28 billion
adults aged 30 - 79 years having high BP, but only half of them
is aware of their BP; and two-thirds of them live in low-to-
middle-income countries [3]. To tackle the persistent issue of
suboptimal detection, treatment and control of hypertension,
more clinicians and scientists are showing greater interest to
explore the potential use of mobile-health (mHealth) tech-
nologies to enhance out-of-office BP monitoring. The greater
emphasis on out-of-office BP measurements as an essential
component of BP control is clearly advocated in the recent
guidelines [4]. The advancing wearable technology, particular-
ly the wrist-worn devices, can address the limitations of office
BP measurement that could overlook specific BP phenotypes
such as the white coat and masked hypertension [5]. The ac-
curacy of BP measurement by wrist-worn BP devices is crucial
to detect elevated or problematic BP readings and to guide the
decision-making in response to the BP measurements.

Despite the fact that several wrist-worn BP devices are
already available in the commercial market, too few studies
have been devoted to investigating the accuracy of the devices
across different population types and countries. A review of BP
measurement using photoplethysmography (PPQG), transdermal
optical imaging, phonocardiography and seismocardiography
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signals can be affected by factors of gender differences (e.g., in
skin thickness, heart rate, blood vessel diameter), comorbidities,
abnormal BP range, skin tone, and aging [6]. A higher body mass
index and darker skin tone [7, 8] and dense hair follicle [9] in-
duce a relative loss of PPG signal. Pulse pressure and the shape
of the artery-cuff pressure/volume curve affecting oscillometer
readings of BP are influenced by factors related to gender, age-
ing, comorbidities and others. Measurements over clothing is a
physical barrier that affects accuracy of readings by automated
oscillometric upper-arm BP monitor [10].

Among the several wrist-worn BP devices available in the
market is the HUAWEI WATCH D developed by the HUA-
WEI Technologies Co. Ltd. (Shenzhen, China). Additionally,
the HUAWEI WATCH D is a smartwatch equipped with oth-
er functions (e.g., heart rate, stress, sleep, oxygen saturation,
etc.), and it has accompanying smartphone app called Huawei
Health. To date, the HUAWEI WATCH D has been validated
only among the Chinese population in China [11, 12]. These
studies were carried out in accordance with guidelines stipu-
lated by the Association for the Advancement of Medical In-
strumentation/European Society of Hypertension/International
Organization for Standardization (AAMI/ESH/ISO) Universal
Standard (ISO 81060-2:2018). We aim to validate the accuracy
of BPs measured by HUAWEI WATCH D among the multi-
ethnic and heterogenous population of Malaysia by adopt-
ing similar protocols by Zhang et al [11] and Wang et al [12].
Cross-population validation of devices is essential to enhance
confidence in their use among diverse characteristics of people.

Materials and Methods

The procedural steps were carried out by the same observers
comprised of a medical and a nurse graduate and supervised
by a senior nurse in consultation with an expert physician. Ob-
servers were trained in the laboratory to take systolic blood
pressure (SBP) and diastolic blood pressure (DBP) measure-
ments by auscultation method. A pilot study on 10 patients was
conducted to familiarize them with the study protocol and test
device. The data collection and analysis procedural were per-
formed according to guidelines by AAMI/ESH/ISO Universal
Standard (ISO 81060-2:2018) [13-15].

Study settings and participants

This study was conducted at a large university medical center
in Kuala Lumpur, Malaysia between November and December
2022. Adult patients who visited the primary care clinic and
who were admitted to the general medical-surgical adult wards
were recruited if they met the inclusion criteria: aged > 18
years, cognitively alert and able to cooperate with researchers’
instructions. Study exclusion criteria were pregnancy, aged
above 70 years due to the differences in vascular compliance,
arrhythmia due to inaudible phase V Korotkoft sounds to de-
termine the DBP, serious orthopedic problems of upper arms
(e.g., fractures) and unstable vital signs. Quota sampling was
employed to achieve targeted minimum (min) sample distribu-
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tion by gender (i.e., min 30% males, min 30% females) across
wide-ranging BP readings (i.e., min 5% SBP < 100 mm Hg,
min 5% DBP < 60 mm Hg; min 5% SBP > 160 mm Hg; min
5% DBP> 100 mm Hg; min 20% SBP > 140 mm Hg; min DBP
> 85 mm Hg).

Test device

The HUAWEI WATCH D measures BP based on the oscillom-
etry method involving using a micro-pump and a detachable
bladder cuff. During cuff inflation at the wrist, the detected
pulse wave was analyzed using an algorithm for determining
the SBP and DBP. The watch has an airline design that is based
on engineering fluid simulation and the airbag is ergonomi-
cally arched to ensure a comfortable fit on the wrist when it
is inflated. The measurement range of the HUAWEI WATCH
D is set at 60 - 230 mm Hg for SBP and 40 - 160 mm Hg for
DBP. Further details of device features are available elsewhere
[11, 12].

We prepared one watch attached with a medium and a large
cuff for wrist circumference of 130 - 160 mm and 161 - 200 mm,
respectively. As per the manufacturer’s instruction, we measured
the participant’s wrist circumference before applying the watch
with a cuff size appropriate for the individual. To maintain the
device position at the same level as the heart, the left arm with
the wrist-worn device was kept bent with its palm in a naturally
straight position and was placed on the chest; the left arm was
kept supported at the elbow by the right hand.

Reference BP

The manual BP measurement was taken independently and si-
multaneously by two observers using the same double-headed
stethoscope (Y-tube) and a calibrated mercury sphygmoma-
nometer. The arm cuffs covered 75-100% of the upper arm
circumference, and the width covers 37-50% of the arm cir-
cumference. The SBP reading was determined based on the
audible phase I Korotkoff sounds, and the DBP reading based
disappearance of the Korotkoff sounds at phase V.

Validation procedures

Before the test, information was gathered from the medical re-
cord and from patients when needed to obtain data on socio-de-
mography (i.e., age, gender, ethnicity, education, occupation,
household income), medical illness (including cardiovascular
and cerebrovascular diseases, and hypertension diagnosis),
weight and height. A standard set of colored photographs de-
picting different hair density of forearm and wrist was used by
two observers to record their ratings, independently based on
4-point scale, i.e., I (“nil”), II (“sparse”), III (“moderate”) and
IV (“dense”) [16].

After participants emptied their bladders, they were kept
rested and relaxed in calm surroundings for about 30 min be-
fore validation procedure. We used the same-arm sequential
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BP measurement approach. The watch and sphygmomanome-
ter cuff were continuously worn on the left wrist and left upper
arm, respectively, while the BP measurements were obtained
at heart level in alternating sequence between the two devices.
During BP measurement, participants sat comfortably on a
chair with an upright backrest and remained quiet with their
legs uncrossed.

After obtaining two entry BP measurements (reference R0
and test device TO0), we proceeded to collect validation data
which consisted of four reference BP measurements (R1 to
R4) by mercury sphygmomanometer alternating with three
test BP measurements (T1 to T3) by the watch device in the
following sequence R1-T1-R2-T2-R3-T3-R4. Each reference
BP (i.e., R1 to R4) was the averaged of two simultaneous BP
readings reported by observers. The time between each set of
BP measurements was at least 60 s and procedural duration
kept within 30 min per participant.

Statistical analysis

Data analysis was performed according to the AAMI/ESH/ISO
Universal Standard guidelines. For criterion 1 (individual BP
readings evaluation) of AAMI/ESH/ISO Universal Standard,
each test BP was compared against the average of the previ-
ous and next reference BP reading (i.e., T1 versus the aver-
age of R1-R2, T2 versus average of R2-R3, T3 versus average
of R3-R4). Each participant yielded three values of mean BP
differences (test BP-reference BP). The mean and respective
standard deviation (SD) of the differences were calculated to
fulfill the requirement of criterion 1 for a mean BP difference
of <5 mm Hg, and an SD of < 8 mm Hg for SBP and DBP.

For criterion 2 (individual subject evaluation), a difference
was defined as the mean of the three test SBPs or DBPs, as
measured by the HUAWEI WATCH D minus the mean values
of the three reference SBPs or DBPs. The SDs of the pairs
of BP differences must be within the threshold defined by the
mean test-reference BP difference listed in the AAMI/ESH/
ISO Universal Standard (i.e., standard error of mean SBP/DBP
<6.95/<691).

Bland-Altman scatterplots provide visualization of data in
assessing the test-reference BP differences. Linear regression
analysis, adjusted for sociodemographic characteristics, an-
thropometric measurements and comorbidities, was conducted
to investigate the association between the mean differences
between the test and reference BP measurements by wrist hair
follicles density. The SPSS, IBM Corp., Armonk, NY, USA
(version 25) and JASP version 0.16.4.0 were used, and levels
of significance were set at o of 0.05.

Ethical considerations

After ethical approval by the Institutional Review Board (UM-
MC-MREC No 2022729-11428), the study procedures were
conducted in accordance with the Declaration of Helsinki and
Caldicott principles. Prior to data collection, written informed
consent was obtained from all participants after explaining the
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study using patient information sheet. Data security and par-
ticipants’ confidentiality were maintained at all levels of data
management.

Results

A total of 116 participants were recruited, and 38 cases were
excluded solely based on reference BP discrepancy criteria
(and not test BPs) during data screening and cleaning [12]. As
per AAMI/ESH/ISO guidelines [14], cases were excluded as
follows: 1) Any two observers’ readings differed by > 4 mm
Hg (either reference SBP or DBP); and 2) Any of the two ad-
jacent reference BP readings (i.e., R1-R2 or R2-R3 or R3-R4)
differed by > 12 mm Hg for SBP, or by > 8 mm Hg for DBP.
The latter is known as “reference BP variation”, which reflects
the continuous dynamic nature of BP, in which the beat-to-
beat BP can vary markedly (from -24 mm Hg to 33 mm Hg) in
response to usual extrinsic and behavioral factors [17]. Unlike
healthy populations, patients are more likely to feel tired or
anxious during the 30-min validation procedure.

A final of 234 data pairs (78 participants x 3 data pairs)
was included in validation analysis. Participants’ distribution
of sex (52.6% men, 47.4% women) and reference BPs met the
sampling quota criterion. The percentages of high (= 160 mm
Hg), medium (> 140 mm Hg), and low (< 100 mm Hg) SBPs
were 5.1% (met the 5% criterion), 25.6% (met 20% criterion),
and 11.5% (met 5% criterion), respectively. The percentages
of high (> 100 mm Hg), medium (> 85 mm Hg), and low (< 60
mm Hg) DBPs were 6.4% (met the 5% criterion), 24.3% (met
20% criterion), and 6.4% (met 5% criterion), respectively.

Table 1 shows the characteristics of 78 participants. Sam-
ple distribution of the Malays (46.2%), Chinese (25.6%) and
Indians (24.4%) were representative of the major ethnic popu-
lations in Peninsula Malaysia. The most common comorbidi-
ties were hypertension (47.4%), diabetes mellitus (28.2%) and
ischemia heart disease (25.6%). Participants’ mean age was
50.06 (SD: 15.19 years; range: 18 - 70 years), mean body mass
index was 26.11 (SD: 5.78), and mean wrist circumference
was 17.36 mm (SD: 1.68).

Table 2 shows that HUAWEI WATCH D passed the vali-
dation requirement. The mean BP differences were -0.034 (SD
5.24) mm Hg for SBP and -0.65 (SD 4.66) mm Hg for DBP,
in accordance with criterion 1. The standard error of mean dif-
ferences between the test-watch and reference BPs were 4.18
mm Hg for SBP and 3.94 mm Hg for DBP, in accordance with
criterion 2.

Figure 1 illustrates a graphical representation of the Bland-
Altman analysis showing an average of bias at 0.034 with
limits of agreement ranging from -8.148 to 8.216 mm Hg for
SBP and an average of bias of 0.649 with limits of agreement
from -7.065 to 8.362 for DBP. The results indicated that the
estimated bias for both SBP and DBP were not significantly
different from 0.

A comparison among three ethnic groups (i.e., Malay,
Chinese and Indian) was done using one-way analysis of vari-
ance (ANOVA) (Table 3) and Bland-Altman scatterplots (Fig.
2) for both systolic and diastolic measurement accuracy; and

www.cardiologyres.org 439



BP-Enabled Smartwatch to Drive Precision Medicine

Cardiol Res.2023;14(6):437-445

Table 1. Descriptive Statistics for Sociodemographic, Anthro-
pometric and Medical Characteristics (N = 78)

Characteristics Frequency
N (%)
Sex
Male 41 (52.6%)
Female 37 (47.4%)
Major ethnicity?
Malay 36 (46.2%)
Indian 19 (24.4%)
Chinese 20 (25.6%)

Educational level
Up to secondary education 40 (51.3%)
Higher than secondary education 38 (48.7%)
Employment status
Employed
Retired

Not on employment

34 (43.6%)
25 (32.1%)
19 (24.3%)
Monthly household income
<MYR1,000
MYR1,001 - 4,000
MYR4,001 - 8,000

6 (7.7%)
29 (37.2%)
26 (33.3%)

>MYRS,001 17 (21.8%)
Distribution of SBPs
<100 mm Hg 9 (11.5%)

100 - 140 mm Hg
140 - 160 mm Hg

49 (62.8%)
16 (20.5%)

> 160 mm Hg 4 (5.1%)
Distribution of DBPs

<60 mm Hg 5 (6.4%)

60 - 85 mm Hg 54 (69.2%)

85 - 100 mm Hg 14 (17.9%)

> 100 mm Hg 5 (6.4%)
ComorbiditiesP

Hypertension 37 (47.4%)

Ischemia heart disease 20 (25.6%)

Stroke 1(1.3%)

Diabetes mellitus 22 (28.2%)

Others 33 (42.3%)
Hair density

Nil 44 (56.4%)

Sparse 20 (25.6%)

Moderate 10 (12.8%)

Dense 4 (5.2%)

Mean age (in years) 50.06 (SD 15.19)
17.36 (SD 1.68)

26.11 (SD 5.78)

Mean wrist circumference (in cm)
Mean body mass index (BMI)

aQther ethnicity (n = 3; 3.8%). "Multiple-response items. SD: standard
deviation; SBP: systolic blood pressure; DBP: diastolic blood pressure;
MYR: Malaysian Ringgit.
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the results indicated that there were no significant differences
among groups.

Additional subgrouping analysis shows no significant dif-
ference in mean SBP difference and DBP difference by sex,
education, income, employment and comorbidities groupings,
and no significant correlation with age, wrist circumference and
body mass index. In linear regression analysis adjusted for so-
ciodemographic characteristics, anthropometric measurements
and comorbidities, we found no significant associations in the
mean differences between the test and reference by skin hair
density (SBP: p=-0.157,P=0.184; DBP: $=-0.208, P=0.068).

Discussion

Study findings show the device, i.e., HUAWEI WATCH D ful-
fills criteria 1 and 2 of the AAMI/ESH/ISO Universal Standard
(ISO 81060-2:2018) guidelines. There is an adequate agree-
ment in measurements by the BP-enabled smartwatch and
mercury sphygmomanometer as shown by the graphical pres-
entations of the test-reference differences in the SBP and DBP.
Additional analysis on criterion 1 did not demonstrate statisti-
cal significance (P values > 0.05) in the mean BP differences
by factors of ethnicity and other socio-demography, as well as
body mass index, wrist circumferences, and wrist hair density.
Study findings support the use of the HUAWEI WATCH D
among multi-ethnic Malaysians, and potentially across South-
east Asians subpopulation across the world. To date, there is
no validation data available from populations of Europeans or
Western countries to compare this study findings.

In reference to criterion 1, the mean differences between
test and reference SBP/DPB of -0.034/-0.65 mm Hg observed
in this study were slightly smaller than -0.25/-1.33 mm Hg re-
ported by Wang et al [12], and -1.4/-0.2 mm Hg by Zhang et
al [11], who validated the same device model on the general
population of China. The HUAWEI WATCH D is compara-
ble to two other similar cuff-based models such as the Omron
HEM-6410T-ZM and Omron HEM-6410TZL with mean dif-
ferences of SBP/DBP at -0.9/-1.1 mm Hg and 2.4/0.3 mm Hg,
respectively [18]. These cuff-based wristwatch devices record-
ed a slightly smaller mean difference than the cuff-less model
such as InBodyWATCH, which reported mean difference of
SBP/DBP at 2.2/-0.2 mm Hg [19]. Notably, the mean BP dif-
ference by HUAWEI WATCH D is comparable to automated
oscillometric, upper-arm BP monitor such as QMon-20 oscil-
lometric with mean difference of SBP/DBP at 0.8/-0.5 mm Hg
[20]. Therefore, the BP-enabled smartwatch can be a conveni-
ent alternative to out-of-office BP monitoring.

Implications to advancing precision medicine

Study findings recommending a validated BP-enabled smart-
watch, such as HUAWEI WATCH D, for clinical use pose a sig-
nificant implication to patient management and public health.
Wristwatch enables unobtrusive BP-taking, user convenience
and easier portability than automated arm devices. For exam-
ple, HUAWEI WATCH D has user instructions displayed on its
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Table 2. Validation Results Based on Criterion 1 and Criterion 2

Pass requirement Achieved BP
Systolic Diastolic
Criterion 1
Mean BP difference (mm Hg) -0.034 -0.649
SD (mm Hg) < 5.244 4.660
Conclusion Pass Pass
Criterion 2
S,, (mm Hg) SBP/DBP <6.95/<6.91 4.175 3.935
Conclusion Pass Pass

SD: standard deviation; S, : standard error of mean; SBP: systolic blood pressure; DBP: diastolic blood pressure; BP: blood pressure.

screen, and it can automatically detect hand posture to guide
proper hand placing during the measurement process. These
advantageous features of the wristwatch devices could further
facilitate out-of-office BP measurement in a timely frequency.
According to meta-analysis findings, out-of-office BP moni-
toring is one of the key strategies to tackle therapeutic inertia,
which refers to failing in adjusting medication regimen when
BP falls out of targeted range [21, 22]. Additionally, a vali-
dated wristwatch BP device could facilitate detection of differ-
ent BP patterns that have prognostic relevance (e.g., nocturnal
dipping, morning rise) and pathological BP variability [5].

Of note, the short-term BP variability that occurs within

a

Average of Test and Reference SBP mmHg

T
160

T
140
Test SBP -Reference SBP mmHg

Test DBP -Reference DBP mmHg

24 h which includes minute-to-minute, hourly, and circadian
changes have rendered all current methods of BP measure-
ments have imperfect reproducibility. Notwithstanding the
continuous dynamic nature of BP, the watch device has clinical
utility by recording a range of readings to gauge BP control of
an individual. Furthermore, the variation of BP readings cap-
tured by watch device provide rich data that are needed to sup-
port current research interest studying impact of BP variability
on cardiovascular outcomes [17].

The collection of real-time BP measurements by wristwatch
device concomitantly accompanied by other health-related pa-
rameters such as heart rate, oxygen saturation, physical activity,

T
100

Average of Test and Reference DBP mmHg

Bias and Limits BEE DEE
Point Value (95%CI) Point Value (95%CI)
Mean difference + 1.96 SD 8.216 (6.586 to 9.847) 8.362 (6.825 to0 9.899)

Mean difference

Mean difference - 1.96 SD

0.034 (-0.907t0 0.975)
-8.148 (-9.778 t0 -6.518)

0.649(-0.239 to 1.536)
-7.065(-8.602 to -5.528)

Figure 1. Bland-Altman scatter plots and results of the mean differences between watch device and the reference BPs for the
systolic blood pressure (SBP) (a) and diastolic blood pressure (DBP) (b). SD: standard deviation; CI: confidence interval.
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Table 3. Results of the Mean Differences of SBP and DBP Between Watch Device and the Reference BPs by Malay, Chinese and

Indian Ethnic Groups

Ethnicity Bias and limits SBP P value DBP P value
Point value (95% CI) Point value (95% CI)
Malay Mean difference + 1.96 SD 10.468 (8.773 - 12.162) 8.941 (7.528 - 10.355)
Mean difference 0.417 (-0.562 - 1.395) 0.556 (-0.261 - 1.372)
Mean difference - 1.96 SD -9.634 (-11.329 to -7.94) -7.83 (-9.244 t0 -6.417)
Chinese Mean difference + 1.96 SD 10.349 (8.051 - 12.647) 11.316 (8.835 - 13.797)
Mean difference 0.283 (-1.043 - 1.61) 0.45 (-0.982 - 1.882)
Mean difference - 1.96 SD -9.783 (-12.081 to -7.485) -10.416 (-12.897 to -7.935)
Indian Mean difference + 1.96 SD 10.241 (7.611 - 12.87) 9.472 (7.427 - 11.517)
Mean difference -0.974 (-2.492 - 0.544) 0.75 (-0.431 - 1.931)
Mean difference - 1.96 SD -12.188 (-14.817 to -9.558) F=1.385 -7.972 (-10.017 to -5.927) F=10.620
P=0.252 P=0.940

The comparison among three ethnic groups was done using one-way ANOVA for both systolic and diastolic measurement accuracy. ANOVA: analysis
of variance; SBP: systolic blood pressure; DBP: diastolic blood pressure; BP: blood pressure; Cl: confidence interval.

emotion, etc. can supply rich real-world data to drive precision
medicine for personalized patient care that could address the is-
sue of suboptimal BP control. In Malaysia, for example, only
45% of the 6.4 million hypertensive individuals attained good
BP control [23]. The wristwatch BP devices enabling users to
perform self-monitoring, and those who interact frequently with
the watch-type devices are likely to be more motivated to com-
ply with treatment even in a resource-limited community-based
setting [24]; thus, devices with attractive interactive features are
sought after, provided it met the user’s perception of good-val-
ue-for-money. To have a wider impact on population health, the
validated device needs to be affordable to the masses who are
mainly of the lower-to-middle income bracket.

On the other hand, a review of qualitative studies has found
that self-monitoring could inflict psychological burden by trig-
gering confusion and stress, such as anxiety over “bad” readings,
a constant reminder of illness identity, uncertainties of interpret-
ing and responding to out-of-target readings, concerns of unreli-
ability and frequency of measures, etc. [25]. For optimized ben-
efits, BP self-monitoring needs to be accompanied by intensive
support such as counselling, education, behavioral management,
medication management with decision, adherence contracts,
feedbacks, and other co-interventions in order to achieve better
BP control [5, 22, 26]. Wristwatch devices that allow telemoni-
toring by transmitting BP readings to clinicians are projected to
show greater BP control for an extended period such as up to
5 years [27]. The role of wristwatch BP devices in preventive
medicine among the general population is promising as it ena-
bles regular self-monitoring to detect and manage daily stress-
induced BP elevation, especially among working adults [28].

Strengths and limitations

This study has the advantage of having samples that were pro-
portionally representative of a multi-ethnic Malaysian popu-
lation. Compared to previous studies [11, 12], wider possible

442 Articles © The authors | Journal compilation © Cardiol Res and Elmer Press Inc™

factors of mean BP differences were tested in this study. The
issue of optimal sample size of 33 versus 85 for validation of
BP devices has been contentious [15], and there is inadequate
empirical evidence to substantiate the minimum samples need-
ed. We did a post-hoc power analysis using GPower (version
3.1.9.4) on the observed correlation between the test and refer-
ence BP of 0.92, and the results showed that the 78 samples
had generated adequate power (1-B) of 0.99 at a level of 0.05.
Hence, we view that adding a mere seven samples is futile as
it would not significantly alter the study conclusion. After all,
the oscillometric wristwatch BP devices that pass the valida-
tion criteria are still subjected to wide BP variations result-
ing from factors affecting hydrostatic pressure such as body
movement, body and palm positioning, wrist placement to the
heart level which narrows its use to non-ambulatory setting.
This study could only substantiate accuracy of wristwatch BP
at rest, hence, its accuracy during body movement is yet to be
determined in future research.

Conclusions

The HUAWEI WATCH D fulfilled criteria 1 and 2 of the AAMI/
ESH/ISO Universal Standard (ISO 81060-2:2018) guidelines
when used in a sitting position with wrist at heart level. For
proper BP measurements, users are required to follow the manu-
facturer’s instructions correctly. Given its acceptable accuracy
and user convenience, the device can be recommended for clini-
cal use; and by doing so, it will open more opportunities to drive
precision medicine for personalized BP control.
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(b) by Malay, Chinese and Indian ethnic groups.
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