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Abstract:

This study sought to evaluate the relationship between blood pressure (BP) taken by a new
wrist-cuff oscillometric wearable BP monitoring device and left ventricular mass index
measured by cardiac magnetic resonance imaging (C(MRI-LVVMI) in 50 hypertensive patients
(mean age 60.5+8.9 years, 92.0% men, 96% treated for hypertension) with regular
employment. Participants were asked to self-measure their wearable BPs twice in the
morning and evening under a guideline-recommended standardized home BP measurement,
and once each at 5 predetermined times and any additional time points under an ambulatory
condition for a maximum of 7 days. In total, 2105 wearable BP measurements (home BP: 747
[morning: 409, evening: 338], ambulatory condition: 1358 [worksite: 942]) were collected
over 5.5£1.2 days. The average of all wearable systolic BP (SBP) readings (129.8+11.0
mmHg) was weakly correlated with cMRI-LVMI (r=0.265, p=0.063). Morning home
wearable SBP average (128.5+13.8 mmHg) was significantly correlated with cMRI-LVMI
(r=0.378, p=0.013), but ambulatory wearable SBP average (132.5+12.7 mmHg) was not
(r=0.215, p=0.135). The averages of the highest three values of all wearable SBPs
(153.3+13.9 mmHg) and ambulatory wearable SBPs (152.9+13.9 mmHg) were 16 mmHg
higher than that of the morning home wearable SBPs (137.0+£15.9 mmHg). Those peak
values were significantly correlated with cMRI-LVVMI (r=0.320, p=0.023; r=0.310, p=0.029;
r=0.451, p=0.002, respectively). In conclusion, an increased number of wearable BP
measurements, which could detect individual peak BP, might add to the clinical value of
these measurements as a complement to the guideline-recommended home BP

measurements, but further studies are needed to confirm these findings.
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Introduction

Hypertension is the most important risk factor of cardiovascular disease. Recent international
guidelines for the management of hypertension recommend the use of out- of-office blood
pressure (BP) for the diagnosis of hypertension and monitoring of compliance with
therapeutic targets.(1-3) Clinical evidence of home BP monitoring (HBPM) has accumulated,
and self-measured HBPM is now recommended in clinical practice.(4-8) However, self-
measured HBPM may underestimate the risk of masked hypertension, because the guideline-
recommended self-measurements are only taken at specific times (usually in the morning and
evening) under standardised conditions, i.e., while seated after 5 minutes rest. Ambulatory
BP monitoring (ABPM) is the traditional standard for evaluating the risk of hypertension
throughout a 24-h period, including the daytime and nighttime periods.(9) However, ABPM
cannot be performed frequently, because of the discomfort of wearing the device and of
repeated cuff inflations. Nighttime BP during sleep could be measured by some HBPM
devices, including wristwatch-type devices,(10-17) but there has not been an adequate BP
monitoring device that could measure daytime BP during activities of daily life.

Daytime BPs are extensively affected by the physical and psychological stressors
encountered in daily life.(18-20) Frequent daytime BP measurements during daily activities
over several days may be critical for detecting daytime BP risk. Especially in the era of digital
management of hypertension (telemedicine), the development of less restrictive wearable
BP monitoring devices could be a more convenient alternative to conventional BP
monitors.(21, 22) However, only a few devices have been validated, and validation studies
for those devices have only been performed under laboratory resting and sitting

conditions.(21)

We previously validated the HeartGuideR, a wristwatch-type wearable BP

monitoring device, by the protocol of the ANSI/AAMI/ISO81060-2:2013 guidelines
under laboratory resting and sitting conditions(23) and verified its accuracy under the
ambulatory condition in a comparison study of subjects simultaneously equipped with
ABPM.(24) In the present study, we studied the association between wearable BPs as
repeatedly measured by the validated wrist-cuff oscillometric wearable device and left

ventricular mass index (LVMI) evaluated by cardiac magnetic resonance imaging



(cMRI) in working hypertensive patients, and also evaluated the wearable BP

measurement timing and method.

Methods.

Study Population.

Patients receiving antihypertensive treatment or who had elevated office systolic BP (SBP)
(>130 mmHg) and who had regular employment were recruited from Washiya Hospital,
Tochigi, Japan. The study protocol was approved by the institutional review board of Jichi
Medical University School of Medicine (rin-dai 20-043). The study protocol was registered
on a clinical trials registration site (University Hospital Medical Information Network
Clinical Trials Registry, UMIN000040939). All participants provided written informed

consent.
Study procedures

Demographics and clinical data (including age, sex, body mass index, smoking status,
habitual drinking, prevalence of hypertension, diabetes mellitus and hyperlipidemia, chronic
kidney disease, hyperuricemia, sleep apnea syndrome, past history of atherosclerotic
cardiovascular disease, and medication) were obtained from medical records. Diabetes
mellitus was defined as a fasting glucose level of >126 mg/dl and/or a casual glucose level of
>200 mg/dl or treated diabetes. Hyperlipidemia was defined as a total cholesterol level of
>240 mg/dI or treated hyperlipidemia. Chronic kidney disease was defined as the presence of
proteinuria or a value of <60ml/min/1.73m? for the estimated glomerular filtration rate. Sleep
apnea syndrome was defined as an apnea-hypopnea index of >15 events/hour by overnight
sleep polysomnography. Study patients were self-measured their wearable BPs by a provided
wrist-cuff oscillometric wearable BP monitoring device for a maximum of 7 days. ABPM
was conducted within one month before or after the wearable BP monitoring period, and on a
different day from the day of wearable BP measurement. Cardiac MRI was performed within

one month before or after the wearable BP monitoring period.

BP measurement devices



The device used was the HeartGuide (Omron Healthcare, Kyoto, Japan), a newly developed,
wearable self (i.e., patient)-activated automatic oscillometric device for measuring BP at the
wrist. The HeartGuide device was previously validated in a laboratory setting.(23) Further,
the correspondence of BP values measured by the HeartGuide and ABPM in the out-of-
office setting was shown to be acceptable.(24)

When using the HeartGuide device to measure BP, participants were asked to hold their

wrist at heart level to reduce hydrostatic effects (Supplemental Figure).

Wearable BP monitoring (measurement schedule)

We asked the study patients to self-measure their BP using a HeartGuide device for up to 7
days. The BP measurement schedule was as follows: (i) twice in the morning and twice in the
evening, replicating a guideline-recommended standardized home BP measurement protocol
(seated after 5 minutes rest); (ii) once at each of the predetermined times (10:00, 12:00,
14:00, 16:00, 18:00) under ambulatory conditions; (iii) additional ambulatory BP
measurements (up to 5 times per day) could be taken at the discretion of the participant at any
other time points during the day. The HeartGuide was set to vibrate at the predetermined
times to let the participants know when a measurement was scheduled. After the notification,
the participants raised their wrist to heart level and initiated the BP measurement by the wrist

device by pressing a button on the device.
Self-report wearable BP monitoring diary

Patients were provided a self-report diary in which they were asked to answer questions
about body position, location, current activities, feelings, and degree of stress at the time of
each wearable BP measurement. Worksite wearable BP measurements were confirmed by

this self-reported diary.

Office and ambulatory BP measurement

Office BP was measured using a validated brachial oscillometric monitor (HEM-907; Omron
Healthcare Co. Ltd., Kyoto, Japan) at the beginning of this study. Measurements were taken
twice at a 1-minute interval, with participants seated in a comfortable position with their arm
supported at the level of the heart, and their legs uncrossed with feet flat on the floor. The

average of the two readings was recorded as the Office BP.



Twenty-four hour ambulatory BP measurement was performed within one month before or
after the wearable BP monitoring period, and on a different day from the day of wearable
BP measurement, using a validated oscillometric ABPM device (TM-2441; A&D Co. Ltd.,
Tokyo).(25) Individual measurements were taken at 30-minute intervals over 24 h.
Participants were instructed to keep their arm stable and in a relaxed position during each
BP measurement. A diary was provided to the participants to record the time of going to
sleep and waking for the period of monitoring.(9) Daytime readings were defined as those

taken from the self-reported waking time to the asleep time.

Definition of wearable BP

The definition of wearable BP indexes were shown in Figure 1. We defined “wearable BP” as
BP self-measured by the wristwatch-type wrist-cuff oscillometric BP monitoring device
(HeartGuide, Omron Healthcare, Kyoto). Wearable BP measured at home according to the
JSH2019 guideline-recommended3 standardized home BP measurement protocol was
defined as “guideline-recommended home wearable BP” and wearable BP measured under
ambulatory conditions (excluding guideline-recommended home wearable measurements)
was defined as “ambulatory wearable BP”. “Worksite wearable BP” was defined as the
ambulatory wearable BP measured only at a worksite as confirmed by the diary record in
this study. Morning and evening home wearable BP were calculated as the average of 2
consecutive measurements of wearable BPs on one occasion in the morning and evening at
home according to the JSH2019 guidelines.

The wearable peak BP indexes were calculated as a “maximum 1-day average,” which is the
highest 1-day average value during the measurement period, and as an “average of the
highest three values,” which is the average of the three highest readings from the whole
measurement period (Figure 2). The three highest home wearable BP readings in the
morning (or evening) were selected from all readings taken in the morning (or evening), not

from the average values of 2 consecutive home wearable BP measurements.

Cardiac MRI
Cardiac MRI was performed within one month before or after the wearable BP monitoring
period. Cardiac MRI scans were conducted at Washiya Hospital. All scans were performed

on a 1.5-Tesla scanner (OPTIMA MR450w Expert 1.5T; GE Healthcare, Chicago, IL) and



obtained by a single expert operator. Imaging of the heart was performed using an
accelerated steady-state free precession protocol. Contrast was not used in any imaging for
this study. Retrospectively gated, electrocardiographically triggered, balanced, steady-state
free precession cine images were gained while patients were holding their breath in
standard 4-chamber and 2-chamber long axis views, as well as short axis views of the entire
left ventricle. The following scan parameters were used: slice thickness 10 mm, in-plane
resolution 2.4x2.0 mm, echo time 1.5 ms, repetition time 3.4 ms, and flip angle 60°. Analysis
of left ventricular (LV) mass was undertaken using dedicated software (CardiacVX: GE
Healthcare). The stack of LV images was segmented to define the endocardial and epicardial
borders. Individual slices were summed to determine LV mass and LV mass index (LVMI). For
LV mass calculation, the myocardial volume was multiplied by the specific density of the
myocardium (1.05 g/mL).(26) LV mass was determined including papillary muscles and

trabeculae as myocardial tissue. LVMI was indexed to the body surface area.

Statistical analysis

All statistical analyses were performed using SAS version 9.4 (SAS Institute, Cary, NC). The
association between LVMI and BP indices were analyzed using Pearson’s correlation
coefficient.. Pairwise differences between BP indices were tested using a paired t-test.
Values of p<0.05 were considered significant. All data processing and analyses were
independently conducted at the Global Analysis Center of BP (GAP) at the Jichi Medical

University COE Cardiovascular Research and Development (JCARD) center.

Result

Participant characteristics

The characteristics of the study participants are shown in Table 1. All 50 participants were
regularly employed hypertensive patients either receiving antihypertensive treatment (96%)
or treatment naive but with an elevated office SBP (>130 mmHg). The mean age was
60.5+8.9 years (42—77 years old), 92% were male, and the average body mass index (BMlI)
was 27.6+5.1 kg/m2. The prevalence of diabetes mellitus, hyperlipidemia, chronic kidney
disease, hyperuricemia, sleep apnea syndrome, and past history of atherosclerotic

cardiovascular disease were 22.0%, 50.0%, 2.0%, 24.0%, 34.0%, and 12.0%, respectively. The



mean seated office systolic/diastolic BP (pulse rate) was 133.1+15.2/81.3+11.2 mmHg
(71.4+10.7 bpm). The median (interquartile range) of LVMI was 67.8 (59.3-76.0) g/m?.

Average of wearable BP

All 50 study participants successfully self-measured their wearable BPs using the HeartGuide
device according to the following study measurement schedule: twice in the morning and
evening, and once at each predetermined time (10:00, 12:00, 14:00, 16:00, and 18:00) and
at any additional time points for a maximum of 7 days. A total of 2105 wearable BP readings
were obtained from 50 patients with a per patient average of 42.1+14.3 measurements over
5.5+1.2 days. A total of 747 readings were “guideline-recommended home wearable BP”
measured at home, consisting 409 morning readings and 338 evening readings. A total of
1358 readings were “ambulatory wearable BP” measured under an ambulatory condition,
and 942 of the “ambulatory wearable BP” readings were “worksite wearable BP” measured

at the workplace of participants. (Table 2).

The average of all wearable SBPs was 129.8411.0 mmHg. Regarding guideline-
recommended home wearable BP, the averages of the morning home wearable SBPs and
evening home wearable SBPs were 128.5+13.8 and 119.7411.9 mmHg, respectively, and the
combined morning-evening (M-E) average SBP was 124.6+12.1 mmHg. As for wearable BP
measured under an ambulatory condition, the average of all ambulatory wearable SBPs was
132.5+12.7 mmHg and the average of worksite wearable SBPs was 133.4+12.7 mmHg (Table
2). The worksite wearable SBP was higher than any other wearable SBP index and 8.8 mmHg
higher than the combined M- E average wearable SBP self-measured by HeartGuide
(133.4412.7 vs. 124.6+£12.1 mmHg, p<0.001).

The averages of all wearable SBPs were almost the same as the averages of daytime

ambulatory SBPs measured by ABPM (129.84+11.0 vs. 130.6+12.7 mmHg) (Table 2).

Correlation with cardiac MRI-measured LVMI (cMRI-LVMI)

The average of all wearable SBP measurements was weakly correlated with cMRI- LVMI
(r=0.265, p=0.063). As for guideline-recommended home wearable SBP measured according
to a standardized home BP measurement protocol, both morning home wearable SBP

(r=0.378, p=0.013) and the combined M-E average wearable SBP (r=0.349, p=0.019) were



significantly correlated with cMRI-LVMI, but evening home wearable SBP was not (r=0.234,
p=0.135). Ambulatory wearable SBP measured under ambulatory condition was not
significantly correlated with cMRI-LVMI (r=0.215, p=0.135), whereas worksite wearable SBP
(ambulatory wearable SBP measured at the workplace) trended to be correlated with cMRI-
LVMI (r=0.237, p=0.098).

Regarding ABPM-measured BP indexes, 24-h SBP average and daytime SBP average were
significantly correlated with cMRI-LVMI (24-h: r=0.279, p=0.049; daytime: r=0.301, p=0.034),
while nighttime SBP average and morning SBP average (average of BP measured during 2h
after waking) were not correlated with cMRI-LVMI (nighttime: r=0.192, p=0.181; morning:
r=0.256, p=0.073) (Table 2).

Wearable peak BP

The wearable peak BP indexes are shown in Table 3. The averages of the highest three SBP
readings of all measurements (153.313.9 mmHg) and ambulatory measurements
(152.9+13.9 mmHg) were higher than that of guideline-recommended morning home
measurements (137.0+15.9 mmHg) by approximately 16 mmHg. The averages of the three
highest SBPs for all measurements, ambulatory measurements, and morning home
wearable measurements were significantly correlated with cMRI-LVMI (r=0.320, p=0.023;
r=0.310, p=0.029; and r= 0.451, p=0.002, respectively). All wearable peak BP indexes for
both the maximum 1-day average value and the averages of the highest three values shown
in Table 3 were significantly correlated with cMRI-LVMI. The average of the highest three
ABPM-measured daytime SBP readings was 163.5+20.2 mmHg and higher than any other
wearable peak BP indexes, whereas it was not correlated with cMRI-LVMI (r=0.233,

p=0.103).

Control status of wearable BPs and ABPM-measured BPs

The correlation coefficient of the wearable SBP average (average of all wearable SBP
measurements) and ABPM-measured daytime SBP average was 0.460 (p<0.001) (Figure 3).
When we set the threshold of uncontrolled SBP at 135 mmHg, 52% and 24% of participants
fit the categories of well-controlled and uncontrolled hypertension. In other words, 76%

showed the same control status between wearable BP monitoring and ABPM.



Discussion

This is the first study on the association between wearable BPs measured by a validated
wrist-cuff oscillometric wearable device, and organ damage in working hypertensive
patients. We found that wearable BP measurement using the HeartGuide device was
feasible both at home and in daily activities. When the average of wearable SBPs was
limited to the readings measured at home according to the guideline-recommended
standardized measurement protocol, it was more strongly correlated with cMRI-LVMI than
when it included measurements at home and under an ambulatory condition. On the other
hand, the peak wearable SBP values detected during ambulatory measurement were higher

than those detected during home morning measurement.

Wearable BP levels and association with LVMI

As the measurement schedule of wearable BP monitoring has not reached consensus, in this
study we evaluated a number of different measurement scenarios in which we asked the
study patients to self-measure their BP twice each in the morning and evening according to
a guideline-recommended standardized home BP measurement protocol and once at each
predetermined time (10:00, 12:00, 14:00, 16:00, and 18:00) with additional time points
under the ambulatory condition for a maximum of 7 days. As the vibration alerts at the
preset times were effective at reminding participants to self- measure wearable BPs,
significant numbers of wearable BPs were self-measured (number of measurements:
42.1+14.3/person). The averages of the ambulatory wearable SBP and worksite wearable
SBP values were higher than the average of the guideline- recommended home wearable
SBP by 7.9 mmHg and 8.8 mmHg, respectively. Especially in Asians, morning home BP is
known as a strong risk factor for cardiovascular events,(27-29) but in our study the worksite
wearable SBP was higher than the morning home wearable SBP by 4.9 mmHg.

However, the correlation of ambulatory wearable SBP with cMRI-LVMI was not significant,
while that of home (morning average and morning-evening average) wearable SBP with
cMRI-LVMI was significant. The ambulatory wearable SBP limited to measurements taken at
the worksite of participants (worksite wearable SBP) tended to be correlated with cMRI-
LVMI (p=0.098). In a previous study using an upper arm- type HBPM device, seated worksite
SBP measured at four time points based on behaviour (before starting work, before the

lunch break, after the lunch break, and before leaving the workplace) was significantly



correlated with LVMI evaluated by echocardiography.(18-20) One reason that a statistically
significant correlation was not observed between worksite SBP and cMRI-LVMI may have
been a lack of statistical power. Another possible reason is that the measurement time
points at the worksite were based on clock time. The study participants engaged in a variety
of working styles and hours. Worksite BP measured according to a standardized schedule
based on work- related behaviour might be more likely to detect organ damage. These
results indicate that wearable BP might be a more sensitive measure for evaluating organ
damage, when the measurement methods are standardized. Further studies are needed to
investigate the most sensitive and specific wearable BP measurement methods and
schedule for detecting organ damage.

In agreement with the previous findings using an upper arm-type oscillometric device,(27-
29) we found that morning BP measured according to the home BP measurement protocol
was correlated with organ damage, even when measured by a wearable device. Morning
might be a blind spot in hypertension treatment.(30) The home BP measurement protocol
states that the morning BP measurement should be done before taking medication. Even
well-controlled medicated patients such as those in the present study might have elevated
BP levels in the morning before taking medication. In this study, ABPM-measured morning
SBP was not significantly correlated with cMRI-LVMI. Morning BP measured by ABPM is
measured under an ambulatory condition, the measurement location is not limited to the
home, and the readings are only for a single day. The present results highlight the
importance of repeated morning BP measurement according to a standardized protocol for

hypertension management.

Wearable peak BP and association with LVMI

Both the wearable peak SBP index measured under a home condition and that measured
under an ambulatory condition were significantly correlated with cMRI-LVMI. These results
suggest that the detection of the peak BPs of patients both under a quiet home condition
and during the performance of daily activities might be useful in predicting future
cardiovascular risk. Interestingly, the peak index (the average of the highest three SBP
readings) of ambulatory wearable SBP was 16 mmHg higher than that of the guideline-
recommended home wearable SBP, and that of ABPM-measured daytime SBP was much

higher, whereas the BP elevation detected by ABPM was not correlated with cMRI-LVMI.



Automatically measured ABPM captured BP under a wider range of conditions compared
with ambulatory wearable BP, which can lead to greater BP variability and poor correlation.
Therefore, wearable BP may be more sensitive than ABPM-measured BP for assessing

cardiovascular risk during daily activity.

Potential clinical use of wearable BP

In clinical practice, HBPM using a validated brachial oscillometric device according to the
guideline measurement schedule(1-3, 5) is widely recommended. However, home BP may
underestimate the risk of hypertension and BP variability throughout 24 h, because home
BP is measured under very standardized conditions, i.e., at rest, relaxed, and whilst seated,
and only at specific times (morning and evening). In fact, in the IDH study (Improving the
Detection of Hypertension), HBPM was reliable at detecting the risk of left ventricular
hypertrophy,(31) but significant numbers of ABPM-determined masked hypertension cases,
who are at risk of left ventricular hypertrophy, were not detected by HBPM alone.(32)
Considering that 76% of the present study participants were classified into the same BP
control status by both wearable BP monitoring and ABPM, wearable BPs might be useful for
clinical detection of masked daytime hypertension. In addition, hypertension may be more
detectable in multiple-day monitoring with variety of daily activities such as in the
workplace (i.e., under a stressful condition). Wearable BP monitoring, which enables
multiple BP measurements at several times per day (like ABPM) and for many days (like
HBPM), would seem to be especially advantageous for detecting peak BP and personalized

risk factor.

Study limitations

There are several possible limitations to our study. First, this is a cross-sectional study with a
limited number of study subjects and limited power. To reduce this weakness, we used
cMRI, the most sensitive objective method to evaluate LVMI.29 The ambulatory wearable
BP and worksite wearable BP were higher than the home wearable BP measured according
to the standardized home BP measurement protocol, but the relationship with cMRI-LVMI
was not shown to be significant. This may have been due to a lack of statistical power.
However, wearable BP detected BP elevation during daytime activities that could not be

detected by seated home BP measurements. Second, most of our study patients were older



male workers. Therefore, the results of this study cannot be generalized to all working
hypertensive patients. Further studies with a larger number of participants are needed to

confirm these results and establish the utility of the wearable BP measurement method.

Conclusion and perspectives

Monitoring wearable BP by a wristwatch-type device over the course of multiple days was
feasible and acceptable for working adults, and this newly developed, wrist-cuff
oscillometric, wearable BP monitoring device was able to detect the BP elevation during
daily activity. The correlation of cMRI-LVMI with the average of all wearable SBP
measurements was weak, but that with guideline-recommended morning home wearable
SBP measurements was strong. On the other hand, higher peak values of wearable BP were
obtained in the ambulatory wearable BP monitoring during daily activities. Measuring
wearable BP repeatedly during daily activities might add clinical value, based on guideline-
recommended home morning measurement. This is the first exploratory study to use a
wrist-cuff oscillometric device to evaluate the link with hypertension-mediated organ
damage. Therefore, the scale and power of this study are limited and further studies is

needed.
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Figure legends
Figure 1. Definition of wearable BP

BP, blood pressure.

Figure 2. Wearable BP average and peak indexes

BP, blood pressure.

Figure 3. Control status of wearable SBP and ABPM-measured daytime SBP in 50 working
hypertensives

SBP, systolic blood pressure; ABPM, ambulatory blood pressure monitoring; HG,
HeartGuide. Wearable SBP shown on the X-axis was the average of all wearable SBP self-
measured using a validated wrist-type oscillometric wearable BP monitor (HeartGuideR),
and daytime ambulatory SBP shown on the Y-axis was the average of daytime SBP measured

by a standard validated ABPM (TM-2441).
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Table 1. Characteristics of the study participants (n=50)

Variables n=50

Age, yrs 60.5+8.9
Male, % 92.0

Body mass index, kg/m? 27.6+5.1
Current smoker, % 16.0
Regular drinker, % 30.0
Treated hypertension, % 96.0

- Number of antihypertensive medications 18+1.0

- Alpha blocker 4.0

- Beta blocker 20.0

- Angiotensin Il receptor blocker 68.0

- Calcium channel blocker 66.0

- Diuretics 26.0
Diabetes mellitus, % 22.0
Treated diabetes mellitus, % 20.0
Hyperlipidemia, % 50.0
Treated hyperlipidemia, % 38.0
Chronic kidney disease, % 2.0
Hyperuricemia, % 24.0

Sleep apnea syndrome, % 34.0

Past history of atherosclerotic cardiovascular disease, % 12.0

- Myocardial infarction, % 4.0

- Angina pectoris, % 2.0

- Stroke, % 6.0

Seated office systolic blood pressure, mmHg 133.1+15.2
Seated office diastolic blood pressure, mmHg 81.3+11.2
Seated office pulse rate, bpm 71.4+£10.7

left ventricular mass index , median (Q1-Q3), g/m?

67.8 (59.3 - 76.0)

Values are means * standard deviations or % patients.

None of the patients had atrial fibrillation or heart failure.

Q1: the first quartile; Q3: the third quartile.




Table 2. Systolic blood pressure and left ventricular mass index measured by
cardiac MRI in 50 hypertensive patients

Number of Systolic blood Correlation coefficient
measurements | pressure, mmHg | of cardiac LVMI
(p-value)
Seated office SBP measured by the upper-arm type device at one visit
Average of measurements at one | 1.9+0.2 133.1+15.2 0.152 (0.291)
visit

Wearable SBP measured by HeartGuideRfor multiple days (measured for 5.5+1.2 days)

All wearable SBP measurements (n=2105)

Average of all SBP 42.1+14.3 129.8+11.0 0.265 (0.063)
measurements

Guideline-recommended home wearable SBP (measured according to a standardized home
BP measurement protocol, n=747)

- Morning home wearable SBP (measured at home in the morning, n=409 from the 43 patients)

Average of morning 9.5+2.8 128.5+13.8 0.378 (0.013)
measurements

- Evening home wearable SBP (measured at home in the evening, n=338 from the 42 patients)
Average of evening 8.0£3.4 119.7+£11.9 0.234 (0.135)
measurements

Morning-Evening (M-E) average wearable SBP (n=237 average values from the 45 patients)
Average of M-E average values 5.3+1.4 124.6+12.1 0.349 (0.019)

Wearable SBP measured under an ambulatory condition

Ambulatory wearable SBP (excluding morning and evening home measurements from all
wearable measurements, n=1358)

Average of all measurements 27.248.3 132.5+12.7 0.215 (0.135)
- Worksite wearable SBP (measured only at the worksite, n=942)

Average of worksite 18.8+7.4 133.4+£12.7 0.237 (0.098)
measurements

Ambulatory SBP measured by ABPM on a single day

24-h average 44.6+3.3 123.9+11.4 0.279 (0.049)
Daytime average 30.7+4.3 130.6+12.7 0.301 (0.034)
Nighttime average 13.9+2.8 109.3+11.2 0.192 (0.181)
Morning (2h after waking) 3.7+0.7 133.7+18.1 0.256 (0.073)
average

Values are means * standard deviations or % patients. SBP, systolic blood pressure; MRI,
magnetic resonance imaging; LVMI, left ventricular mass index; ABPM, ambulatory BP
monitoring. Guideline-recommended home wearable SBP: wearable SBP measured at
home according to a guideline- recommended standardized home BP measurement
protocol; Ambulatory wearable SBP: wearable SBP measured under ambulatory conditions

excluding home wearable measurements



Table 3. Peak systolic blood pressure index and left ventricular mass index

measured by cardiac MRI in 50 hypertensive patients

Number of
measurements

Systolic blood
pressure, mmHg

Correlation
coefficient of cardiac
LVMI (p-value)

Wearable SBP measured by HeartGuideRfor multiple days (measured for 5.5+1.2 days)

All wearable SBP measurements (n=2105)
Maximum 1-day average value 7.4+2.2 137.7+11.5 0.340 (0.016)
Average of the highest three values | 3.0 153.3+13.9 0.320 (0.023)

BP measurement protocol, n=747)

Guideline-recommended home wearable SBP (measured according to a standardized home

Morning home wearable SBP (measured at home in the morning, n=409 from the 43 patients)

Maximum 1-day average value

1.7+0.4

137.7+15.5

0.476 (0.001)

Average of the highest three values

3.0+0.3

137.0+15.9

0.451 (0.002)

Evening home wearable SBP (measured at home in the evening, n=338 from the 42 patients)

Maximum 1-day average value

1.9+0.3

129.1+12.8

0.376 (0.014)

Average of the highest three values

2.8+0.5

128.0+13.0

0.349 (0.023)

Wearable SBP measured under an ambulatory condition

wearable measurements, n=1358)

- Ambulatory wearable SBP (excluding morning and evening home measurements from all

daytime values

Maximum 1-day average value 5.241.3 141.0+£12.3 0.288 (0.043)
Average of the highest three values | 3.0£0.1 152.9+13.9 0.310 (0.029)
- Worksite wearable SBP (measured only at the worksite, n=942)

Maximum 1-day average value 4.0+1.5 141.6+13.3 0.304 (0.032)
Average of the highest three values | 3.0+£0.1 150.2+15.0 0.299 (0.035)
Ambulatory SBP measured by ABPM on a single day

Average of the highest three 3.0 163.5+20.2 0.233 (0.103)

Values are means * standard deviations or % patients. SBP, systolic blood pressure; MRI,

magnetic resonance imaging; LVMI, left ventricular mass index; ABPM, ambulatory BP

monitoring. Guideline-recommended home wearable SBP: wearable SBP measured at

home according to a guideline-recommended standardized home BP measurement protocol;

Ambulatory wearable SBP: wearable SBP measured under ambulatory conditions excluding

home wearable measurements.




Figure 1. Definition of wearable BP

Wearable BP

Guideline-recommended home wearable BP

Guideline-recommended Worksite wearable BP

morning home wearable BP

Blood pressure

Guideline-recommended
evening home wearable BP

| -
|
| Ambulatory wearable BP .
Worksite
Home Worksite, Qutside, etc. Home
Going to bed



Figure 2. Wearable BP average and peak indexes
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1) Average of all measurements:
the average value of all measurements (surrounded by dotted lines)

2) Maximum 1-day average value:
the highest 1-day average value (shown in green) throughout the measurement period

3) Average of the highest three values:
the average of the highest three values (blue circled dots) throughout the measurement period



Figure 3. Control status of wearable SBP and ABPM-measured daytime SBP in 50 working

hypertensives
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