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To facilitate the applications of home blood pressure (HBP) monitoring in clinical settings, the Taiwan Hypertension
Society and the Taiwan Society of Cardiology jointly put forward the Consensus Statement on HBP monitoring
according to up-to-date scientific evidence by convening a series of expert meetings and compiling opinions from
the members of these two societies. In this Consensus Statement as well as recent international guidelines for
management of arterial hypertension, HBP monitoring has been implemented in diagnostic confirmation of
hypertension, identification of hypertension phenotypes, guidance of anti-hypertensive treatment, and detection
of hypotensive events. HBP should be obtained by repetitive measurements based on the “722” principle, which is
referred to duplicate blood pressure readings taken per occasion, twice daily, over seven consecutive days. The
“722” principle of HBP monitoring should be applied in clinical settings, including confirmation of hypertension
diagnosis, 2 weeks after adjustment of antihypertensive medications, and at least every 3 months in well-controlled
hypertensive patients. A good reproducibility of HBP monitoring could be achieved by individuals carefully following
the instructions before and during HBP measurement, by using validated BP devices with an upper arm cuff.
Corresponding to office BP thresholds of 140/90 and 130/80 mmHg, the thresholds (or targets) of HBP are 135/85
and 130/80 mmHg, respectively. HBP-based hypertension management strategies including bedtime dosing (for
uncontrolled morning hypertension), shifting to drugs with longer-acting antihypertensive effect (for uncontrolled
evening hypertension), and adding another antihypertensive drug (for uncontrolled morning and evening
hypertension) should be considered. Only with the support from medical caregivers, paramedical team, or tele-
monitoring, HBP monitoring could reliably improve the control of hypertension.
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1. INTRODUCTION

1.1 Home blood pressure monitoring

With the understanding that different hypertension
phenotypes have distinct prognosis, out-of-office blood
pressure (BP) monitoring receives growing attention in
contemporary hypertension guidelines because it helps
discern hypertension phenotypes along with office BP
(0BP)."* Home BP (HBP) monitoring and ambulatory BP
(ABP) monitoring are two recognized approaches to ob-
taining out-of-office BP. Thanks to technological ad-
vances and readable accessibility of automatic oscillo-
metric sphygmomanometers, HBP monitoring is a pro-
mising, easy-to-use, and well-accepted modality to facil-
itate the diagnosis and control of hypertension.5

HBP monitoring is referred to measurements of BP
at home usually by oneself, or on occasion, by care-
givers or research assistants. Compared to OBP, HBP is
more likely to be free of environmental and/or emo-
tional stress (such as white-coat effect). Yet it is a feasi-
ble approach to documenting long-term BP variations."
A good reproducibility and reliability of HBP could be
achieved by careful measurements according to stan-
dardized instructions before and during HBP monitoring.*

While evidence on the relationship between HBP
and cardiovascular outcomes has been accumulating,®*°
the consensus on HBP monitoring to facilitate the appli-
cations of HBP monitoring in clinical settings is required.
The Taiwan Hypertension Society (THS) and the Taiwan
Society of Cardiology (TSOC) jointly put forward the
Consensus Statement on HBP monitoring according to
up-to-date scientific evidence (Table 1). We recommend
the “722” principle to obtain reliable HBP measurement
to confirm the diagnosis of hypertension and guide the
adjustment of antihypertensive medications (Table 2).
Schematic approaches which integrate OBP, HBP, and
ABP for treatment-naive individuals and individuals treated
with antihypertensive medications are also provided
(Figures 1 and 2).

1.2 Guidelines/Focused Update/Consensus
development
Taiwan Hypertension Guidelines and related works
(Focused Update/Consensus) evaluate and integrate
available evidence with the purpose of assisting health-
care professionals in constructing the best management
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strategies for each individual patient. Members of this
Task Force were jointly selected by the Taiwan Hyper-
tension Society (THS) and the Hypertension Committee
of Taiwan Society of Cardiology (TSOC) to represent pro-
fessionals from a broad array of backgrounds. The class
of recommendation (COR) and level of evidence (LOE)
were graded according to predefined scales as modified
from the latest American and European guidelines for
the management of arterial hypertension (Tables 1A and
1B). The THS/TSOC Guidelines/Focused Update/Consen-
sus undergo extensive review by the Task Force and ex-
ternal experts and are approved by all Task Force mem-
bers. The guidelines and related works were developed
independently without any involvement from the indus-
try. The Task Force members’ comprehensive disclosure
information is shown at the end of this Consensus. The
THS/TSOC Hypertension Guidelines/Focused Update/
Consensus represent the official position of the THS and
TSOC.

Adherence to guidelines and related works can be
improved by shared decision making between health-
care professionals and patients, with patient engage-
ment in choosing strategies based on individual prefer-
ences, values, and associated conditions. Guidelines and
related works should not override clinical judgement,
which is the right and responsibility of healthcare pro-
fessionals. It is also the responsibility of healthcare pro-
fessionals to verify the rules and regulations applicable
to drugs and devices at the time of prescription.

2. DEFINITION AND CLINICAL SIGNIFICANCE OF
HBP MONITORING

Consensus recommendation

#1. HBP is one form of out-of-office BP; and is, if mea-
sured appropriately, able to be used for diagnostic
confirmation of OBP, identification of hypertension
phenotypes, guidance of anti-hypertensive treat-
ment, and improvement of hypertension control.

2.1 Definition of HBP monitoring
Highlights

e The term “HBP monitoring” indicates measurement of
own blood pressures, not exclusively by oneself, at home.
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Table 1. Consensus recommendations on HBP monitoring in diagnosis and management of arterial hypertension

Recommendations COR LOE

The role of HBP monitoring in the diagnosis and management of hypertension

1. HBP is one form of out-of-office BP; and is, if measured appropriately, able to be used for diagnostic confirmation | B
of OBP, identification of hypertension phenotypes, guidance of anti-hypertensive treatment, and improvement
of hypertension control.

Methods to perform HBP monitoring correctly

2. HBP is obtained at home, preferably using automated oscillometric upper-arm sphygmomanometer, which | C
should be validatedand regularly calibrated (at least every 12 months). The device is better equipped with
capabilities of automatic data recording and/or auto-transmission.

3. Cuff selection: following manufacturer’s instructions (cuff bladder width and length are at least 40% and 80% of | B
arm circumference, respectively).

Before measurement:
30 min: avoid vigorous exercise and caffeine-containing drink; empty bladder
5 min: sitting rest at a chair with back support and feet flat on the ground (not leg dangling or crossing)
On measurement: upper arm, the one with higher averaged SBP reading, supported at the level of heart.
Methods to obtain reliable HBP estimates

4. As for hypertension diagnosis or HBP-guided antihypertensive management, HBP should be measured according | B
to the “722” principle. That is, HBP should be measured for “7” (at least 4) consecutive days, in the morning
(taken within 1 hour after awakening, but before taking food and medication) and the evening (within 1 hour
before bedtime) (“2” occasions), and with > “2” (> 3, if atrial fibrillation is present) BP readings, 1-min apart, on
each occasion. Morning and evening HBP estimates are the averages of all morning and evening BP readings,
respectively, except those obtained on the first day.

5. The 722 principle should be applied in the confirmation of hypertension diagnosis and 2 weeks after adjustment lla C
of antihypertensive medications. In uncontrolled hypertensive patients, HBP. monitoring should be performed
following the 722 principle at least monthly. In well-controlled hypertensive patients, HBP monitoring could be
performed following the 722 principle at least every 3 months. At least one measurement (duplicate readings, at
least one minute apart, on one occasion) per week is a suitable alternative follow-up strategy for stable
hypertensive patients.

Methods to diagnose and identify hypertension phenotypes

6. Hypertension could be diagnosed if HBP estimate is > 135/85 mmHg, whose corresponding OBP is > 140/90 | B
mmHg.
7. HBP monitoring is adequate to identify sustained hypertension, white-coat hypertension, and masked | C

hypertension, which could be confirmed by ABP monitoring if necessary.
Methods to implement HBP-guided initiation and titration of antihypertensive treatment
8. Hypertension is regarded as well-controlled if both morning and evening HBP are < 135/85 mmHg (obtained Ila C
based on the “722” principle).
9. Patients with HMOD or at high risk for cardiovascular disease should be controlled at the level of HBP estimate of lla B
< 130/80 mmHg, whose corresponding OBP is < 130/80 mmHg.

10. HBP-based hypertension management strategies including bedtime dosing (for uncontrolled morning lla B
hypertension), shifting to drugs with longer-acting antihypertensive effect (for uncontrolled evening
hypertension), and adding another antihypertensive drug (for uncontrolled morning and evening hypertension)
should be considered.

11. Given that high home BP variability is associated with increased cardiovascular risk, adjustment of Ilb B
antihypertensive medications (with longer duration of actions or balanced 24-hour coverage) to lower home BP
variability might be considered.

12. HBP monitoring is recommended to identify orthostatic hypotension, postprandial hypotension, and hypotension Ila C
events during antihypertensive treatment.

Methods to improve hypertension control with HBP monitoring

13. HBP monitoring could improve hypertension control, especially when combined with active interventions (such lla B
as team-based interventions or telemonitoring).

14. Implementation of HBP monitoring in clinical practice could be facilitated by increasing awareness of physicians lla C
and patients in “SERVE” ways, and insurance reimbursement.

ABP, ambulatory blood pressure; BP, blood pressure; COR, class of recommendation; HBP, home blood pressure; HMOD,
hypertension-mediated organ damage; LOE, level of evidence; OBP, office blood pressure.
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Table 1A. THS/TSOC classes of recommendations (updated March 2019)

Classes of recommendations Definition Suggested phrases
Class | (Benefit >>> Risk) Evidence and/or general agreement that a given treatment of e Isrecommended
procedure is beneficial, useful, and effective e |s indicated
e Should be performed
Class Il Conflicting evidence and/or a divergence of opinion about the
usefulness/efficacy of the given treatment or procedure
Class lla (Benefit >/>> Risk) Weight of evidence/opinion is in favor of usefulness/efficacy e |s probably recommended

e Should be considered
e Can be performed
Class lIb (Benefit > Risk) Usefulness/efficacy is less well established by evidence/opinion e May/might be considered
e May/might be reasonable
® May/might be performed
Class lll (Benefit < Risk) Evidence or general agreement that the given treatment or e lsnot recommended
procedure is not useful/effective, and in some cases may be e lsnotindicated
harmful e Should not be performed

THS, Taiwan Hypertension Society; TSOC, Taiwan Society of Cardiology.

Table 1B. THS/TSOC levels of evidence (updated Mar 2019)

Level A Data derived from multiple (> 2) RCTs, or meta-analyses of high-quality RCTs

Level B Data derived from a single RCT, large non-randomized studies, meta-analyses of moderate-quality RCTs or non-
randomized studies

Level C Subgroup analyses, post-hoc analyses, retrospective studies, cohort studies, registries, small studies, or consensus of
expert opinion

RCT, randomized controlled trial; THS, Taiwan Hypertension Society; TSOC, Taiwan Society of Cardiology.

Table 2. The “722” principle for home blood pressure monitoring

“722" principle Timing of HBP monitoring
“7” 7 (at least 4) consecutive days
“2" 2 times per day: in the morning (taken within 1 hour after awakening, after

voiding, and before taking food and medications) and in the evening (within
1 hour before bedtime)

“2" 2 or more BP readings, 1 minute apart, taken per occasion (> 3 BP readings
if atrial fibrillation)

Settings in the clinic Frequency of HBP monitoring with the “722” principle
Normal blood pressure (< 120/80 mmHg) Every 1 year
High normal blood pressure (120-129/< 80 mmHg) Every 6 months
Elevated blood pressure (130-139/80-89 mmHg) Every 3 months
Hypertension (> 140/90 mmHg)
Treatment-naive One “722” cycle, for confirmation of diagnosis and phenotype identification
Initiation of drug therapy 2 weeks later, then every 1 month if uncontrolled, or every 3 months if
under control
Adjustment of drug therapy 2 weeks later, then every 1 month if uncontrolled, or every 3 months if
under control
Treated but uncontrolled Every 1 month
Treated and controlled Every 3 months

BP, blood pressure; HBP, home blood pressure.

HBP monitoring is referred to measurement of BP at  caregivers or research assistants.”> While self-measured
home, usually by himseh‘/herself,11 or on occasion, by  BP (SMBP) is referred to BP taken in non-medical out-
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Both,
<135/85

4’{ Regular HBP monitoring

Schematic representations of integrating home blood pressure monitoring with office and ambulatory blood pressure monitoring in man-

agement of hypertension for antihypertensive treatment-naive individuals. ABPM, ambulatory blood pressure monitoring; BB, blood pressure; HBP,
home blood pressure; HMOD, hypertension-mediated organ damage; HTN, hypertension; OBP, office blood pressure; OD, organ damage. The recom-
mended flowchart of diagnosis and management of hypertension for treatment-naive patients with office BP of > 140/90 mmHg (A) or with office BP
of < 140/90 mmHg (B). Averaged HBP is derived according the “722” principle.

of-office environments, such as at home, at a work place,
at a pharmacy, or at a convenience store.”® HBP and
SMBP are not entirely the same, though they are often
deemed interchangeable.

2.2 Prognostic significance of HBP monitoring

Highlights
e HBP monitoring can predict hypertension-mediated or-

gan damage and is a useful tool to predict cardiovascu-
lar prognosis.

e Nocturnal HBP, mostly measured at midnight, can be
assessed by certain pre-programmed automatic de-
vices. Nocturnal HBP fairly correlated with nighttime
ABP.

HBP has the advantage over OBP as it improves car-
diovascular risk assessment. As BP varies in response to
physiological and environmental changes and over time,
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Figure 2.

Schematic representations of integrating home blood pressure monitoring with office and ambulatory blood pressure monitoring in man-
agement of hypertension for hypertensive patients treated with antihypertensive medications. ABPM, ambulatory blood pressure monitoring; BP,
blood pressure; CCB, calcium channel blocker; HBP, home blood pressure; HMOD, hypertension-mediated organ damage; HTN, hypertension; OBP, of-
fice blood pressure; OD, organ damage. The recommended flowchart of management of hypertension for medically treated hypertensive patients
with on-treatment office BP of > 140/90 mmHg (A) or with on-treatment office BP of < 140/90 mmHg (B). HBP includes morning and evening BP, of

which both should be below HBP targets (< 135/80 mmHg, in general; < 130/80 mmHg, if at high risk).
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averaging multiple HBP readings predicts risks of cardio-
vascular morbidities and morality more accurately than
OBP readings.®”**

2.2.1 HBP and hypertension-mediated organ damage
(HMOD)

The presence of HMOD hallmarks the poor control
of hypertension (Table 3). Relative to those without
HMOD, patients with HMOD are even less likely to at-
tain their BP targets.” Studies have suggested that ele-
vated HBP is more strongly associated with increased
left ventricular mass and/or left ventricular hypertrophy
when compared with OBP in patients with hyperten-
sion.*¢8 Besides, albuminuria and carotid intimal thick-
ness are more closely correlated with HBP than with
OBP‘19»22

2.2.2 HBP and cardiovascular risk

Prospective studies have shown that HBP predicts car-
diovascular outcomes more accurately than OBpP.”*%*%*
The first evidence showing the superior prognostic value
of HBP to OBP came from the Ohasama study of 1789
participants in Japan. Based on the initial BP measure-
ments, HBP had a stronger predictive power for mortal-
ity than BP at screening did.’ It was later shown in 2051
Italian subjects of the Pressioni Arteriose Monitorate E
Loro Associazioni (PAMELA) study, in which HBP improved
predictive model for mortality when compared to oBp.®
Finally, in the Finn-Home study that enrolling 2081 sub-
jects in Finland, HBP was prognostically superior to OBP
for risk prediction of fatal and nonfatal cardiovascular
events.”

2.2.3 HBP js complementary to OBP

BP measures in different settings provide comple-
mentary information. The discrepancies in BP levels be-
tween office measures and out-of-office measures de-
fine another two categories of patients who have dis-
crepant office and out-of-office BP measures — namely
white-coat hypertension and masked hypertension. Nei-
ther of the conditions is considered to be completely
benign when compared to true normotension.”> When
compared with normotension (defined as OBP < 140/90
mmHg and HBP < 135/85 mmHg), masked hypertension
(defined as OBP < 140/90 mmHg and HBP > 135/85
mmHg) clearly had a higher risk of cardiovascular events."*

Even though it remains an ongoing debate on whether
those with white-coat hypertension (defined as OBP >
140/90 mmHg and HBP < 135/85 mmHg) have unfavor-
able outcomes,l"’m’27

increased among those with persistently elevated oBp.*®

the long-term mortality was still

2.2.4 Prognostic value of HBP versus ABP

HBP could be as reproducible as ABP.> When infor-
mation derived from ABP monitoring limits to a fixed
day with unrestricted routine activities, HBP monitoring
provides information at fixed timing and conditions over
a longer period of time. HBP monitoring allows BP mea-
sured in standardized conditions and theoretically as-
sesses BP variability (BPV), which has been further asso-
ciated with HMOD and long-term events.>**!
studies and meta-analyses have suggested that HBP is as
good as ABP in regard to their association with preclini-
cal organ damage.u’e‘z'33 Nevertheless, ABP is more pro-
gnostically informative than HBP or OBP.%3*

Clinical

2.2.5 Nocturnal HBP

With the advance of technology, nocturnal HBP,
mostly measured at midnight, can be assessed by auto-
matic devices with pre-determined programming.*® Noc-
turnal HBP fairly correlated with nighttime ABP.*® With a
limited number of patients, nocturnal HBP appeared to
have modest correlations with HMOD, such as left ven-
tricular mass index, albuminuria, and carotid intima-
media thickness.>® In the Japan Morning Surge-Home
Blood Pressure (J-HOP) study, nocturnal HBP was a pre-
dictor of coronary events and stroke, independent of
morning HBP and OBP.*’

2.3 Differences in the mean values of HBP, OBP,
automated OBP (AOBP), and ABP

Highlights

e Differences exist between mean values of OBP and
HBP. Whereas the differences between mean values of
AOBP, HBP, and daytime ABP are negligible (Tables 4
and 5).

Data from the International Database of HOme blood
pressure in relation to Cardiovascular Outcome (IDHOCO)
study showed that HBP was generally lower than OBP in
5689 untreated subjects. The differences between HBP
and OBP varied according to age. In this study, for sys-
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Table 3. Hypertension-mediated organ damage (HMOD)

Organ HMOD
Brain
Stroke (ischemia/hemorrhage)
Transient ischemic attack
Cognitive impairment
Eyes
Hypertensive retinopathy
Heart
Left ventricular hypertrophy by electrocardiography
or echocardiography
Nonvalvular atrial fibrillation
Heart failure
Kidney
Chronic kidney disease
Proteinuria/albuminuria
Arteries

Carotid atherosclerosis

Aortic stiffness (baPWV > 18 m/sec, cfPWV > 10
m/sec)

Aortic aneurysm

Peripheral artery disease (low ABI [< 0.9])

ABI, ankle-brachial index; baPWV, brachial-ankle pulse wave
velocity; cfPWV, carotid-femoral pulse wave velocity.

Table 4. Diagnostic criteria of hypertension according to office,
home, and ambulatory blood pressure

ABP, mmHg
Blood OBP, HBP, X - )
pressure mmHg  mmHg 24-hr ~ Daytime Nighttime
average average average
Systolic > 140 >135 >130 >135 >120
Diastolic >90 >85 >80 > 85 >70

ABP, ambulatory blood pressure; HBP, home blood pressure;
OBP, office blood pressure.

tolic BP (SBP) readings, the difference between HBP and
OBP was around 7 mmHg for individuals aged > 30 years,
but was smaller in younger subjects (p = 0.001). For dia-
stolic BP (DBP) readings, OBP was consistently higher
than HBP and the in-between difference decreased with
aging (p < 0.001).

When considering about AOBP measurement and
out-of-office measurement techniques, one recent meta-
analysis of twenty-six studies showed that there were
no significant differences in the mean values of AOBP
with HBP (SBP, -2.65; 95% Cl, -8.42 to 3.12; DBP, -1.67;
95% Cl, -4.20 to 0.87), or with daytime ABP (SBP, -1.85;
95% Cl, -4.50 to 0.79; DBP, 0.12; 95% Cl, -1.42 to 1.66).39
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Table 5. Corresponding values of systolic and diastolic readings
between office blood pressure (OBP) and home blood
pressure (HBP)

Classification OBP, mmHg  HBP, mmHg
Normal blood pressure

Systolic 120 120

Diastolic 80 80
High normal blood pressure

Systolic 130 130

Diastolic 80 80
Stage | hypertension

Systolic 140 135

Diastolic 90 85
Stage Il hypertension

Systolic 160 145

Diastolic 100 90
Stage Il hypertension

Systolic 180 160

Diastolic 110 100

In another study comparing daytime ABP and HBP, it
was found that the mean difference between daytime
ABP and HBP was 0.5 mmHg (95% Cl, -1.9 to 2.9) for
SBP, and 0.6 mmHg (95% Cl, -1.1 to 2.3) for DBP, indicat-
ing differences in the averaged values between daytime
ABP and HBP were negligible.*

2.4 Hypertension phenotypes identified by HBP and
OBP

Highlights

e HBP monitoring is used to identify sustained hyperten-
sion, white-coat hypertension (effect), and masked (un-
controlled) hypertension.

e Other hypertension phenotypes, such as morning, eve-
ning, and nighttime hypertension, also predict cardio-
vascular risks.

Along with OBP, HBP could be used to determine se-
veral hypertension phenotypes, which are associated
with increased risks for cardiovascular events. Besides
white-coat and masked hypertension, concerns are grow-
ing regarding other hypertension phenotypes, such as
morning, evening, and nighttime hypertension. Although
historically being the gold standard for white-coat hy-
pertension and masked hypertension, 24-hr ABP moni-
toring is not widely used because of its cost and incon-
venience. In a study surveying the preference of BP mo-
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nitoring in patients with untreated hypertension, it showed
that 7-day HBP monitoring was preferred and more ac-
ceptable than 24-hr ABP monitoring, though the latter
was conceived as more reliable than the former.** HBP
monitoring can provide multiple measurements over
longer periods and identify day-to-day BP variability.

Morning and evening BP have been shown to pre-
dict future cardiovascular events.>>** Differences in hy-
pertension and related cardiovascular risks have been
reported between Western and Asian populations. Asian
patients have a higher rate of stroke and metabolic syn-
drome, which is often associated with higher morning
and nighttime BP readings.”® Till recently, an innovative
automated HBP monitoring device has been developed
for measuring nighttime BP*’ and its clinical applications
await further studies.

3. MEASUREMENT OF HBP

Consensus recommendations

#2. HBP is obtained at home, preferably using auto-
mated oscillometric upper-arm sphygmomanome-
ter, which should be validated and regularly cali-
brated (at least every 12 months). The device is
better equipped with capabilities of automatic data
recording and/or auto-transmission.

#3. Cuff selection: following manufacturer’s instruc-
tions (cuff bladder width and length are at least 40%
and 80% of arm circumference, respectively).
Before measurement:

30 min: avoid vigorous exercise and caffeine-con-
taining drinks; empty bladder
5 min: sitting rest at a chair with back support and
feet flat on the ground (not leg dangling or crossing)
On measurement: upper arm, the one with higher
averaged SBP reading, supported at the level of heart.

#4. As for hypertension diagnosis or HBP-guided anti-
hypertensive management, HBP should be measured
according to the “722” principle. That is, HBP should
be measured for “7” (at least 4) consecutive days, in
the morning (taken within 1 hour after awakening,
but before taking food and medication) and the
evening (within 1 hour before bedtime) (“2” occa-
sions), and with > “2” (> 3, if atrial fibrillation is
present) BP readings, 1-min apart, on each occa-

sion. Morning and evening HBP estimates are the
averages of all morning and evening BP readings, re-
spectively, except those obtained on the first day.

#5. The 722 principle should be applied in the confirma-
tion of hypertension diagnosis and 2 weeks after ad-
justment of antihypertensive medications. In un-
controlled hypertensive patients, HBP monitoring
should be performed following the 722 principle at
least monthly. In well-controlled hypertensive pa-
tients, HBP monitoring could be performed follow-
ing the 722 principle at least every 3 months. At
least one measurement (duplicate readings, at least
one minute apart, on one occasion) per week is a
suitable alternative follow-up strategy for stable hy-
pertensive patients.

3.1 Validation and calibration of blood pressure
devices

Highlights

e Periodic calibration of automated oscillometric sphyg-
momanometer should be done at an interval of not
greater than 12 months.

e HBP monitors which measure BP with the upper arm cuff
instead of signals from wrists or fingers should be used.

The mercury sphygmomanometer is once regarded
as gold standard for BP measurement, but it is not prac-
tical to be used in community settings because of envi-
ronmental concerns. The accuracy of non-mercury sphyg-
momanometer is considered acceptable if its estimated
probability of a tolerable error (< 10 mmHg) is at least
85%."* There are two common types of non-mercury
sphygmomanometer: oscillometer and aneroid devices.
The oscillometer devices are operated automatically,
and the inflation and deflation of the cuff are controlled
electronically. Periodic calibration of automated oscillo-
metric sphygmomanometer should be done at an inter-
val of not greater than 12 months.*

Aneroid sphygmomanometer is an alternative de-
vice in clinical setting as mercury sphygmomanometer is
not available. The aneroid devices are operated manu-
ally and require a normal BP cuff and a stethoscope.
They are liquid-free and use mechanical parts to relay
BP to the gauge. There are wall-mounted type and por-
table type aneroid sphygmomanometer. Wall-mounted
aneroid sphygmomanometer may require less frequent
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calibration than portable type device. In order to ensure
the accuracy of aneroid sphygmomanometer, it is ne-
eded to calibrate, every 6 months for wall-mounted and
every 2 to 4 weeks for portable type devices."

Few wearable watch-type (with cuff) and cuffless BP
monitoring devices may be accurate if used exactly as
directed.***” More studies are needed to investigate the
role of wearable BP monitoring device in clinical prac-
tice. Recently, the first study comparing a watch-type
wearable BP monitor with a conventional ABP monitor
showed the difference between the wearable and am-
bulatory devices was acceptable both in and out of the
office.*® However, most experts recommend using a HBP
monitor that uses the upper-arm cuff instead of wrist or
finger BP monitors.*

3.2 Pre-measurement instructions

Highlights

e Standardization of measurement procedures should be
implemented to improve the reliability of HBP monitor-
ing in clinical practice.

e A validated automated oscillometric upper-arm cuff
sphygmomanometer is recommended for HBP mea-
surement.

e Selections of proper cuff size, and methods of measure-
ments and recordings should be instructed to patients
whom HBP monitoring is advised for.

Before BP measurement, choosing a validated auto-
mated oscillometric upper-arm cuff sphygmomanometer
is advised. Wrist and finger BP devices are not recom-
mended because their measurement reliability remains
questionable. Select the proper cuff size according to the
individual’s arm circumference. The length of inflatable
cuff bladder must cover 80%-100% of the individual’s arm
circumference. It is better to measure BP in a quiet room
with comfortable temperature. Don’t smoke, drink alco-
hol, caffeinated beverages, have meals or exercise within
30 minutes before BP measurement. It is also suggested
to have measurement before drug intake. Given that BP is
lower in standing position, sitting position is the stan-
dard. Empty bladder, remain seated and relaxed at least 5
minutes before measurements. Have the arm resting on
table, supported on a flat surface with mid-arm at heart
level; back straight and supported on chair; legs un-
crossed and feet flat on floor. Make sure the bottom of
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the cuff is placed directly above the bend of the elbow.
Avoid talking or moving before, during and between mea-
surements. Don’t take the measurement over clothes.

If BP is measured for the first time, it is suggested to
check BP of right and left upper arms. Provided that the
difference of < 15 mmHg between right and left upper-
arm SBPs, the arm with higher SBP should be used. Mea-
sure BP at the same time every day if possible. It is best to
take the readings daily in the morning and in the evening
for 7 consecutive days (the so-called 722 principle, which
is detailed in section 3.3) for people with unknown BP sta-
tus or two weeks after antihypertensive medications are
implemented or adjusted. The Task Force recommends to
repeat the 7-day measurement course every 1-3 month for
all hypertensive patients.so'51 Daily monitoring before your
next clinic appointment for 4 to 7 consecutive days is sug-
gested. Each time you measure, take > 2 readings one min-
ute apart and record all BP readings or the averages on
each measurement occasion. Take the record to the clinics
at every visit (Table 2). At least one measurement (dupli-
cate readings, at least one minute apart, on one occasion)
per week is a suitable alternative follow-up strategy for
stable hypertensive patients.*’

For those whose upper-arm BP cannot be measured,
measuring leg BP is acceptable. Usually the SBP in the
legs is 10% to 20% higher than the brachial SBP. BP mea-
surement in the legs should be applied at the mid-thigh
by listening over the popliteal artery in prone or supine
position. The bladder of the cuff should be about 40% of
the circumference of the thigh, and the length should be
about 75% to 80% of this circumference. The pre-mea-
surement preparation and other instruction is the same
as measurement in sitting position. Make the annotation
on your BP record if the measurement is done on legs.

3.3 Measurement frequency, timing, and number per
occasion of HBP monitoring

Highlights

e Implementation of the “722” principle regarding how
to obtain reliable HBP readings could facilitate the adop-
tion of HBP monitoring in the community.

e Measurement frequency, timing, and number per occa-
sion could be individualized to improve adherence and
to drive the formation of habits.

Most clinical studies derived HBP estimates from the
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averages of morning and evening HBP readings sepa-
rately over varying periods of time. The Ohasama study
obtained 4-week single morning HBP in 1789 participants
> 40 years of age.” After 6.6 years of follow-up, individu-
als with elevated averages of > 3 HBP readings had a
greater cardiovascular mortality risk than those with ele-
vated OBP.” In a community-based study, 1186 elderly
aged > 65 years were followed for 4 years to identify the
association between HBP and death.>* Duplicate morning
and evening HBP readings were measured for 5 consecu-
tive days, and were averaged to obtain HBP estimates.
The results indicated a U-shaped association of systolic
HBP with all-cause mortality, of which increased cardio-
vascular death was associated with high systolic HBP,
whereas increased non-cardiovascular death was with
low systolic HBP. To compare with OBP with regard to
predicting CV events, a study enrolling 4939 treated hy-
pertensive patients followed for a mean of 3.2 years
showed that, rather than elevated OBP, cardiovascular
prognosis was poorer in those with elevated HBP, which
was estimated as the average of 4-day triplicate morning
and evening HBP readings.™ In the Didima study, 1997
adults aged 54.1 years undertook duplicate morning and
evening HBP measurements for 3 days.”> HBP was de-
fined as the average of all morning and evening HBP
readings, and was as good as OBP in assessing the CV risk
over a mean follow-up period of 8.2 years.” To compare
HBP and ABP in predicting the development of HMOD,
502 participants were enrolled to measure their BP twice
every morning and every evening over the consecutive 7
days.54 By averaging all morning and evening readings,
HBP marginally improved the predictability of OBP-based
model, while ABP clearly improved the predictability of
both HBP and OBP-based model.*

For evaluating the timing and number per occasion
for blood pressure measurement, several clinical trials
could be taken into consideration. The more measure-
ments taken, the more precise BP estimates are, at ex-
pense of time consumed. An average of HBP of up to 14
days showed a dose-dependent increase in prognostic
power than averages of fewer days in Ohasama study.55
In the Treatment of Hypertension Based on Home or Of-
fice Blood Pressure (THOP) trial, patients performed
HBP measurement twice daily (in the morning between
6 and 10 AM and in the evening between 6 and 10 PM)
on 3 consecutive days.’® In the Finn-Home Study, two

SBP readings in the morning on a minimum of 3 days ap-
pear to be sufficient for measuring home BP variability
in the general population, with an interval of 2 minutes
between the 2 measures. More measurement would
bring improvement in prognostic accuracy.57 The Im-
proving the Detection of Hypertension (IDH) study took
the value of the mean of 2 morning and 2 evening HBP
readings for a minimum of 2 days, and a single morning
and single evening or 2 morning BP readings for a mini-
mum of 3 days. The measurements were separated for 1
minute.”® The Hypertension Intervention Nurse Teleme-
dicine Study (HINTS) found the mean SBP could be accu-
rately categorized with 80% probability based on the
mean of 5 HBP measurements in most patients.59 IDHOCO
study showed that hypertension would be reliably diag-
nosed by a mean of at least 6 readings during 6 days.®

We therefore recommend to measure HBP for 7 con-
secutive days (according to the Ohasama study, which
reported the optimal prognostic power of averaging 14
measurements), in 2 occasions (in the morning and in
the evening) per day, and 2 readings, 1 minute apart, in
one occasion (the “722” principle) (Table 2). The mini-
mal consecutive days could be shortened to 4 days (first
day data discarded) since at least 6 measurements are
required to reach adequate diagnosis in the IDHOCO
study. Morning and evening HBP estimates are the aver-
ages of all morning and evening BP readings, respec-
tively, except those obtained on the first day. The 722
principle should be applied in the confirmation of hy-
pertension diagnosis and 2 weeks after adjustment of
antihypertensive medications. In uncontrolled hyperten-
sive patients, HBP monitoring should be performed fol-
lowing the 722 principle at least monthly. In well-con-
trolled hypertensive patients, HBP monitoring could be
performed at least once weekly,* or following the 722
principle at least every 3 months (according to the
HOMED-BP study, section 4.2.1).>%*"%

3.4 Use of oscillometric BP device in patients with
atrial fibrillation

Highlights

e The optimal method for measuring BP in patients with
atrial fibrillation remains under investigation, but con-
secutive (at least > 3) readings should be obtained in
patients with atrial fibrillation.
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Atrial fibrillation (AF) is one of the most prevalent
cardiac arrhythmias.62 Hypertension is the most com-
mon comorbidity in AF patients. In various registries and
studies, about 60% to 80% of AF patients had hyperten-
sion. Uncontrolled hypertension predisposes AF patients
into increased risk of hemorrhagic stroke. As a result,
detection and management of hypertension is of ut-
most importance in AF patients.

Given oscillometric BP monitors use oscillometric
pressure wave amplitude during cuff deflation or infla-
tion to estimate SBP and DBp,%*%
in AF imposes challenges to estimate BP using oscillo-

irregular R-R interval

metric methods. The optimal method to measure BP in
AF patients remains under investigation. There is evi-
dence that increasing the number of consecutive mea-
surements (to > 3) may increase the correlation of non-
invasive method and invasive BP measurement.®® In a
meta—analysis,66 the authors revealed that automated
monitors seemed to be more accurate in measuring SBP,
but not DBP for AF. Nonetheless, another meta-analysis
found difficulties in generalizing across different de-
vices, because there is marked heterogeneity of accu-
racy between devices.®’

Because proprietary algorithms vary to estimate BP
in oscillometric BP devices, clinician should choose ma-
chines which have been validated specifically in AF pa-
tients.®® Various societies and organizations have pro-
posed different validation protocols for BP monitors.*®
There are resources on the web that list validated BP
monitors like https://bihsoc.org/bp-monitors/ provided
by British and Irish Hypertension Society and https://
stridebp.org/ by Stride BP. Since the validation results
done in general population might not be applied to AF
patients, ANSI/AAMI/ISO currently considered AF as a
special population for which the additional validation is
required.

4. HBP CUT-OFFS, TARGETS, AND HBP-BASED
MANAGEMENT OF HYPERTENSION

Consensus recommendations

#6. Hypertension could be diagnosed if HBP estimate is
> 135/85 mmHg, whose corresponding OBP is >
140/90 mmHg.

#7. HBP monitoring is adequate to identify sustained
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hypertension, white-coat hypertension, and masked
hypertension, which could be confirmed by ABP
monitoring if necessary.

#8. Hypertension is regarded as well-controlled if both
morning and evening HBP are < 135/85 mmHg (ob-
tained based on the “722” principle).

#9. Patients with HMOD or at high risk for cardiovascu-
lar disease should be controlled at the level of HBP
estimate of < 130/80 mmHg, whose corresponding
OBP is<130/80 mmHg.
HBP-based hypertension management strategies in-
cluding bedtime dosing (for uncontrolled morning
hypertension), shifting to drugs with longer-acting
antihypertensive effect (for uncontrolled evening
hypertension), and adding another antihyperten-
sive drug (for uncontrolled morning and evening hy-
pertension) should be considered.

Given that high home BP variability is associated

with increased cardiovascular risk, adjustment of

antihypertensive medications (with longer duration
of actions or balanced 24-hour coverage) to lower
home BP variability might be considered.

HBP monitoring is recommended to identify ortho-

static hypotension, postprandial hypotension, and

hypotension events during antihypertensive treat-
ment.

#10.

#11.

#12.

4.1 HBP cut-offs corresponding to OBP

Highlights

e Corresponding to clinic BP of 140/90 mmHg, the HBP
threshold for hypertension should be 135/85 mmHg.

e Corresponding to clinic BP of 130/80 mmHg, the HBP
threshold for hypertension should be 130/80 mmHg.

e Unless a disease could modify the agreement between
clinic and home BP, the above recommendations should
be consistent between populations with different dis-
eases.

4.1.1 Reverse causality

To determine the optimal BP levels for hypertension
management, findings obtained from the survival data
of observational cohort studies can cause critical mis-
conception. Reverse causation is one of the bias that
frequently misleads the study conclusions of the obser-
vational studies, which has been clearly demonstrated
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in a previous large observation study reporting a termi-
nal decline of SBP in the final 2 years of life. The study
findings that outcome (the mortality) can inversely influ-
ence the exposure (subjects’ BP) suggest that nonran-
domized epidemiological associations of low SBP with
higher mortality may be caused by reverse causality,®
which may help explain the discrepancy between clinical
trial results and nonrandomized studies, and it is not ap-
propriate to base BP treatment recommendations on
nonrandomized data for effectiveness outcomes.”

4.1.2 Recent evolution of hypertension guideline and the

role of HBP monitoring

It should be stressed that OBP (unattended or not),
HBP, and ABP are all different BP modalities and should
provide complimentary clinical values for the manage-
ment of hypertension. Lately, the importance of out-of-
office BP measurements to confirm the diagnosis of hy-
pertension and assess hypertension control has been
emphasized in several latest hypertension guidelines.”*"*"*
In addition to the superior prognostic values, self-mea-
surement of BP at home renders several advantages over
conventional clinic office BP. HBP. monitoring can help
identify patients with different hypertension pheno-
types including white-coat, masked, and sustained hy-
pertension with readings taken according to standard-
ized instructions. It is easy, well-tolerated, reliable, and
accessible for patients,75 and associated with little mea-
surement variability, and good reproducibility.”® How-
ever, the diagnosis and treatment of hypertension are
still mainly based on the OBP in spite of the many ad-
vantages of HBP measurement. One reason for the lim-
ited use of HBP measurement is that physicians are un-
familiar with the operational thresholds of HBP for initi-
ating and adjusting treatment. Besides, in the diagnosis
of the hypertension phenotypes (normotension, sus-
tained hypertension, white-coat hypertension, or masked
hypertension), it is also imperative to take into account
the cut-off thresholds of HBP used to define these phe-
notypes.

4.1.3 Corresponding HBP values to OBP values
Different BP thresholds for home and office BP have
been proposed in recent hypertension guidelines.l""”'74
The new American College of Cardiology (ACC)/Ameri-
can Heart Association (AHA) guideline has also proposed

new BP thresholds for initiation or titration of anti-
hypertensive drug treatment.”! The OBP cutoff of 140/
90 and 160/100 mmHg is proposed to be equivalent to
lower HBP threshold of 135/85 and 145/90 mmHg, re-
spectively. The HBP cutoff level for stage 1 hypertension
is proposed to be the same as the OBP threshold of
130/80 mmHg.

HBP cutoffs can be identified by the regression ap-
proach and/or outcome-based approach, which esti-
mate the HBP values with which subjects have compara-
ble risk of cardiovascular events in agreement with the
corresponding OBP thresholds.”” Unanimously, the OBP
thresholds recommended in evidence-based hyperten-
sion guidelines are based on the findings of randomized
controlled trials.

Based on the findings of outcome-based interna-
tional cohort studies,78 we have corresponded the HBP
levels to the commonly used OBP thresholds as shown
in Table 5. In summary, corresponding to OBP of 140/90
mmHg, HBP threshold for hypertension should be 135/
85 mmHg; and corresponding to OBP of 130/80 mmHg,
HBP threshold for hypertension should be 130/80 mmHg.
Although a few reports present HBP thresholds in spe-
cific patient populations, unless disease could modify
the agreement between OBP and HBP, the above recom-
mendation should be consistent between populations
with different diseases.

4.2 Strategies for HBP-based management of
hypertension

Highlights

e |t is mandatory that morning HBP, evening HBP, and
the average of both should be below targets in HBP-
based management of hypertension.

e Adjustment of anti-hypertensive regimens, dosages,
and dosing time should work in concert to control both
morning and evening HBP.

4.2.1 Morning vs. evening HBP

Defined as morning HBP > 135/85 mmHg,79 morning
hypertension becomes an emerging target for the con-
trol of hypertension.®® Activation of the sympathetic
nervous system around waking time in the morning, in-
creased dietary salt intake, and inadequate antihyper-
tensive medications are attributable to morning hyper-
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tension.”® Given the evidence from cohort studies and
clinical trials of telemonitoring-assisted BP control #2428
morning BP could be sufficient for management of hy-
pertension, if evening BP is not feasible.’

The Hypertension Objective Treatment Based on
Measurement by Electrical Devices of Blood Pressure
(HOMED-BP) study randomized 3518 untreated hyper-
tensive patients (HBP of 135-179/85-119 mmHg at base-
line) into usual-control group (target HBP of 125-134/
80-84 mmHg) and tight-control group (target HBP of <
125/80 mmHg), in which antihypertensive medications
were adjusted according to morning HBP estimates.®
The adjustment of antihypertensive dosages and regi-
mens were guided by the pre-specified algorithm. Pati-
ents were asked to measure HBP twice every morning,
which ought to be taken within 1 hour after waking and
2-minute sitting rest, and before drug and food intake.
Morning HBP estimates were the averages of the 5-day
morning HBP readings, just preceding each clinic visit at
an interval of 2 to 8 weeks. Although the primary end-
point of difference in developing cardiovascular events
was neutral between two treatment groups, the authors
indicated that, on-treatment morning SBP of < 131.6
mmHg could confer a minimum 5-year cardiovascular
risk of < 1%, probably indicating the feasibility of HBP-
guided management of hypertension.®

To explore the association between on-treatment
morning HBP and incidence of cardiovascular events,
the Home Blood Pressure Measurement With Olme-
sartan Naive Patients to Establish Standard Target Blood
Pressure (HONEST) study prospectively followed 21591
hypertensive patients, of whom the mean age was 64.9
years and 50.6% women.? The participants were asked
to measure their HBP at 1 week, 4 weeks, 16 weeks, 6
months, 12 months, 18 months, and 24 months. At each
measurement time point, twice morning and twice eve-
ning HBP were obtained for 2 days, and the average of
morning or evening HBP during follow-up period were
used for analysis. The primary endpoint was 2-year inci-
dence of cerebral infarction, intracerebral hemorrhage,
subarachnoid hemorrhage, unclassified stroke, myocar-
dial infarction, coronary revascularization procedures
for angina pectoris, or sudden death. HONEST study
demonstrated that the risk of cardiovascular events was
raised with the increasing morning and evening HBP,
and would be at a minimum if morning or evening HBP
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was lower than 124 mmHg.? The authors also found
that, even in patients with systolic OBP of < 130 mmHg,
those with morning SBP of > 145 mmHg were at a higher
cardiovascular risk with the hazard ratio of 2.47, relative
to those with morning SBP of < 125 mmHg. Subsequent
analysis also showed that, as compared to OBP, morning
HBP appeared to be a stronger predictor for coronary
events, but similar for predicting stroke incidence.*?

On the other hand, the J-HOP study was aimed at
comparing the predictability of morning and evening
HBP regarding the stroke or coronary risk.” A total of
4310 patients with a history of cardiovascular diseases
or risk factors, or both were followed for a mean of 4
years. Three morning and three evening HBP were mea-
sured for 14 days. Morning HBP was taken within 1 hour
of waking and before taking antihypertensive medica-
tion, while evening ones were before going to bed. The
averages of morning or evening HBP were used for an-
alysis. The results showed that, morning SBP improved
traditional risk models for stroke prediction, rather than
evening ones; but neither one did for cardiovascular risk
prediction.’

All these findings support our recommendations
that HBP obtained by the “722” principle could be used
to assess cardiovascular risks and guide the initiation
and adjustment of antihypertensive medications. Ac-
cording to the HOMED-BP study, it is reasonable to rec-
ommend, in well-controlled hypertensive patients, HBP
monitoring could be performed, following the 722 prin-
ciple, at least every 3 months.

4.2.2 HBP-based antihypertensive dosing time

It has been reported that taking morning or evening
HBP before drug ingestion could be used to guide the
adjustment of antihypertensive medications.®* A study
investigated the effect of add-on bedtime-dosing doxa-
zosin in hypertensive patients with morning SBP of >
135 mmHg, who had been on 3-month amlodipine mo-
notherapy.®* The results showed that bedtime doxazosin
treatment effectively reduced morning SBP from 145.6
mmHg to 132.4 mmHg (p < 0.01), without significant
change of evening BP; but also reduced left ventricular
mass index and relative wall thickness.®* The effect of
bedtime dosing of doxazosin on morning HBP were also
demonstrated in the Japan Monitoring Surge-1 (JMS-1)
study.®® In the Hygia Chronotherapy Trial designed to
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determine whether bedtime dosing, as compared to
usual therapy, would reduce cardiovascular risk, 19084
hypertensive patients were enrolled in primary care set-
ting. Patients were assigned to the bedtime-dosing group
in which at least one antihypertensive medication was
given at bedtime, or to the control group in which all
antihypertensive medications were given during day-
time. As compared with the control group, bedtime dos-
ing lowered asleep BP, but also the composite risk of
cardiovascular death, myocardial infarction, coronary
revascularization, heart failure, and stroke by 45% (ad-
justed hazard ratio, 0.55, 95% Cl, 0.50-0.60, p < 0.001)
over a median follow-up of 6.3 years.®® Concerns regard-
ing results of the Hygia study have been raised because
of the doubtful study design of a randomized control
trial, the questionable study protocol, and suspicious
48-hour consecutive ABP monitoring.®’

HBP-based hypertension management strategies in-
cluding bedtime dosing (for uncontrolled morning hy-
pertension), shifting to drugs with longer-acting anti-
hypertensive effect (for uncontrolled evening hyperten-
sion), and adding another antihypertensive drug (for un-
controlled morning and evening hypertension) are re-
commended by the Task Force.

4.3 HBP-derived BP variability (BPV)

Highlights

e Although there are inconsistencies in current defini-
tions and parameters of BPV, the coefficient of varia-
tion (CoV) might be used as the home BPV measure-
ment in clinical practice.

e Given that increased home BPV is associated with anin-
creased cardiovascular risk, the reduction in BPV achi-
eved by adjusting drug classes and dosing regimens
might be prognostically beneficial.

A physiological BP phenomenon is characterized by
continuous dynamic and oscillations occurring over life-
time and is described as the so-called BPV. BPV is con-
sidered the result of complex interactions between in-
trinsic cardiovascular physiologic regulation and extrin-
sic environmental and behavior factors.”* BPV is classi-
fied according to the time span of variations, including
very short-term (seconds or minutes, also known as
beat-to beat), short-term (within a day, also known as
24-hr), mid-term (between days, also known as day-to-

day) and long-term (between clinic visits over months
and years, also known as visit-to visit) BPV.%® By this defi-
nition, the home BPV was categorized as mid-term BPV.
Currently, home BPV can usually be assessed with 4 dif-
ferent indexes: standard deviation (SD), CoV, average
real variability (ARV), and variation independent of the
mean (VIM).® CoV (standard deviation/mean x 100%) is
commonly recommended as the home BPV measure-
ment because it requires only 3 to 7-day morning BP
readings to calculate.”

In the IDHOCO study, individuals with increased
HBP-derived CoV of SBP were at increased cardiovascu-
lar risk (hazard ratio per 1-SD increase, 1.13; 95% ClI,
1.05-1.21) independent of mean systolic HBP level.”" In-
corporating home BPV into traditional risk prediction
models did not always improve performance of cardio-
vascular risk prediction. However, in the J-HOP study,
4231 Japanese patients with history of or risk factors for
cardiovascular diseases demonstrated that day-by-day
home BPV._measurements could be used to distinguish
high- and low-risk outpatients.’” Based on findings from
the J-HOP study, the CoV of SBP of > 6.1% was proposed
as the threshold for increased cardiovascular risk espe-
cially in Asian people.

Many lines of evidence suggest that increased mid-
term (such as day-to-day) BPV is associated with target
organ damage and increased cardiovascular events,
while evidence on visit-to-visit or seasonal home BPV is
limited. Many cohort studies including the Ohasama,’*
Finn-Home,90 International Database of Home Blood
Pressure in Relation to Cardiovascular Outcome (IDHOCO),”*
and meta-analysis’® have provided evidence that in-
creased day-to-day variability in SBP assessed by HBP
monitoring is associated with an increased risk of car-
diovascular events. Recently, real world HBP variability
in over 56,000 individuals with nearly 17 million mea-
surements by wireless BP monitors also suggested the
clinical significance of home BPV measurement.’® Al-
though current guidelines do not include the use of BPV
as a target in hypertension management, controlling
BPV might be considered in addition to lowering mean
BP values.”?

Dihydropyridine calcium channel blockers (CCB), ei-
ther used as monotherapy or in combination, have been
associated with the most effective reduction in long-
term BPV. In the Japan Combined Treatment With Olme-
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sartan and a Calcium-Channel Blocker Versus Olmesar-
tan and Diuretics Randomized Efficacy Study (J-CORE),
207 hypertensive subjects were randomly allocated to
an add-on treatment with hydrochlorothiazide or azelni-
dipine after 12 weeks of olmesartan monotherapy.96 De-
spite similar reduction in SBP between the two groups, a
higher decrease in day-to-day BPV was associated with
CCB/olmesartan combination treatment compared with
diuretic/olmesartan group. Aside from the use of spe-
cific drugs, it seems that short-acting antihypertensive
drugs, should be avoided.” Thus, the choice of long-act-
ing drugs, in particular, dihydropyridine calcium antago-
nists, and the combination of long-lasting compounds,
might be considered in individuals with elevated BPV,
although the possible clinical benefits of such strategies
have not yet been fully proved.

4.4 Using HBP monitoring to detect hypotensive
events during antihypertensive treatment

Highlights

e HBP monitoring is recommended for identifying ortho-
static hypotension, postprandial hypotension, and hy-
potension events during treatment.

Hypertension can be controlled with antihyperten-
sive treatment, but excessive BP reduction may cause
harms. The Systolic Blood Pressure Intervention Trial
(SPRINT) demonstrated a survival benefit from more ag-
gressive hypertension treatment in patients with high
cardiovascular disease risk, but also increased risk of se-
vere hypotension and syncope.98 In a cohort from the
Spanish registry of ABP monitoring including 70997 pa-
tients with hypertension receiving antihypertensive
treatment showed that one in eight treated hyperten-
sive patients are at risk of hypotension according to day-
time BP, of whom 68% were not identified to have hypo-
tension by OBP.” Out of office BP monitoring could bet-
ter screen the hypotensive events than OBP.

Orthostatic hypotension (OH) is defined as a de-
crease in SBP of > 20 mmHg or a decrease in diastolic BP
of > 10 mmHg within 3 minutes of standing compared
with BP from the sitting or supine position.'®® OH has
been confirmed to be associated with falls, syncope,
cardiovascular events and all-cause mortality.m’103
patients are unaware of symptoms of OH despite signifi-
1% 1t has been reported that HBP moni-

Some

cant falls in BP.
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toring was better than OBP in screening OH.'%

Postprandial hypotension (PPH) is defined as a fall in
SBP of > 20 mmHg within 2 hours after a meal. PPH is
associated with increased risk of falls, syncope, stroke,
cerebrovascular damage, coronary events and mortality,
particularly in the elderly."***” Asymptomatic PPH is of-
ten under-recognized and neglected. Some studies have
demonstrated that HBP monitoring is a suitable screen-
ing tool to detect PPH.'%**%

5. SOCIETAL AND TECHNOLOGICAL ASPECTS OF
HBP MONITORING

Consensus recommendations

#13. HBP monitoring could improve hypertension con-
trol, especially when combined with active interven-
tions (such as team-based interventions or telemo-
nitoring).

Implementation of HBP monitoring in clinical prac-
tice could be facilitated by increasing awareness of
physicians and patients in “SERVE” ways, and insur-
ance reimbursement.

#14.

5.1 Team-based approach with support of
information technology for hypertension
management

Highlights

e Structured, team-based care should be implemented
with HBP monitoring, especially in uncontrolled hyper-
tensive patients.

e HBP monitoring integrated to hospital information te-
chnology (IT) infrastructure using internet- and smart-
phone-based strategies, combined with team-based in-
tervention, should be attempted to achieve better hy-
pertension control.

Team-based care is a patient-centered approach,
and can be designed as a strategy been implemented at
the health system level to improve patient care by hav-
ing two or more health care providers working collabor-
atively with each patient. These teams include physi-
cians, nurses, pharmacists, primary care providers, so-
cial workers, community health workers and dietitians.’
Team-based approach, unlike uni-level approach, over-
comes the barriers of hypertension control with system
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support and communication between different providers
in the team and is more likely to improve BP control.

5.1.1 The combination of team-based approach and HBP
monitoring for hypertension management

It has been reported that the combination of HBP
monitoring with additional supports might result in even
better BP control."'%''! The combination of team-based
care and HBP monitoring has been tested in different
clinical settings. In the e-BP trial, 778 participants with
uncontrolled hypertension were randomly assigned to
usual care, HBP monitoring, or HBP monitoring with
pharmacist care management.'*> At 12 months after in-
tervention, the combination of HBP monitoring with
pharmacist care management had significantly higher
percentage of patients with controlled BP compared
with usual care; while HBP monitoring had only a non-
significant increase in the percentage of controlled BP as
compared to usual care. This study suggests that the
pharmacist management significantly improved the BP
reduction effect of HBP monitoring. A recent follow-up
analysis of e-BP trial also demonstrated a significantly
lower BP in intervention group for up to 24 months.'*?
This result suggests an even longer lasting effect of phar-
macist-assisted care model.

Nurses as the additional support to HBP monitoring
have also been tested in several studies. A randomized
trial has been conducted to evaluate the effect of nurse-
led, HBP telemonitoring compared with usual care among
urban African American."™ Nurses provided tele-coun-
seling about individual BP goal, lifestyle modification
and medication adherence in accordance with guide-
lines. The intervention group had significantly lower BP
compared with usual care group over a 12-month pe-
riod. In a subsequent randomized trial, 416 African
American or Hispanic participants were randomly as-
signed into the combination of nurse management and
HBP monitoring, HBP monitoring, or usual care group.115
At 9 months, the combination of nurse management
and HBP monitoring group but not HBP monitoring group
resulted in significantly lower SBP compared with usual
care group.

Dietitian is also an important part in team-based hy-
pertension management. Dietitian-delivered nutritional
counseling improves the adherence and BP control by
setting individual goals and creating individual action

plans.™® Diet recommendations such as sodium and cal-
ories restriction have been shown to be effective in BP
control. Studies with meals provided under supervision

B . . 116
resulted in even greater reduction in BP.

5.1.2 How to implement a team-based care for BP control

Guidance for implementing team-based care for hy-
pertension has been proposed.'” Action steps for clini-
cians to start team-based care with HBP monitoring has
also been suggested in the Million Heart project of Cen-
ters for Disease Control.''® Briefly, the implementation
may involve the following actions: (1) prepare care teams
to support HBP monitoring: create a patient-centered
care team with multi-disciplinary team members, typi-
cally physicians, nurses, pharmacist, and dietitian; pro-
vide standardized training for team members to instruct
HBP monitoring techniques to patients; (2) incorporate
clinical support system for HBP monitoring: design work-
flows to reflect the new model of care; incorporate he-
alth IT into the model, to encourage communication
among the team members and patients; establish a feed-
back loop; (3) empower patients to use HBP monitoring:
improve the awareness, willingness and competency of
patients to use HBP monitoring with the help of timely
and frequent communication between team members
and patients.

5.1.3 Integration with IT infrastructures

With the help of health IT, the communications be-
tween team members and patients can be immediate
and be more effective. HBP records can be transmitted
to web-based platform immediately after BP measure-
ment. These records can be relayed to care providers
automatically. Care providers can then assess the BP
record and electronic health record, interact with pati-
ents, and tailor the antihypertensive medications with-
out delay.'™ Mobile health interventions such as smart-
phone applications may support hypertension self-
management by improving medication adherence, pro-
viding patient-directed feedback, facilitating communi-
cation with health care providers, collecting BP data for
further analysis, and enhancing self-BP monitor willing-
ness.'” Commercially available smartphone applica-
tions were reported to be effective in improving hyper-
tension management if coupled with feedback from cli-

niCianS.lB'lZl-lZ?’
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5.2 Self-monitoring and telemonitoring of HBP

Highlights

e Self-monitoring of BP (SMBP) could confer greater clini-
cal benefit if accompanied by co-interventions, such as
self-titration, automatic feedback, education, and co-
unseling.

SMBP refers to the BP measurement by a patient at
home or outside a clinical setting. The frequency of mo-
nitoring varied widely among studies, ranging from daily,
2 days per week, 3 days per week, weekly, and first
week per month.'?* A variety of guidelines have recom-
mended SMBP as an adjunct method in the diagnosis of
hypertension.**** However, despite of these recommen-
dations, it has been controversial whether SMBP alone
confers benefit in control of hypertension, and if so,
whether the benefits come from additional support to
facilitate BP control. Another potential disadvantage of
SMBP is the inaccuracy of patient reports and the inabil-
ity of physician to derive a meaningful conclusion on the
basis of handwritten BP logbooks.’

Telemonitoring of BP (TMBP) is meant to be a pro-
cess of automatic BP transmission from the patient’s
home to a remote computer of the telemedicine pro-

125 When data are received at the central teleme-

vider.
dicine server, they are stored, automatically analyzed,
and reports are generated. A medical report will then
forward to the patient and the health care provider th-
rough a website, e-mail, or dedicated smartphone apps.
Several systems are available on the market, which are
characterized by different modalities of data collection,
transmission, and reporting. TMBP represents an oppor-
tunity to improve the accuracy and reliability of HBP re-
ports, to assess the real-time data, and to facilitate the
delivery of co-interventions.'*®

The relevance of co-interventions was demonst-
rated by the randomized study, Targets and Self-Man-
agement for the Control of Blood Pressure in Stroke and
at Risk Groups (TASMIN-SR) study, on hypertensive pa-
tients at risk of cardiovascular disease.’”’ In these pa-
tients, SMBP combined self-titration of anti-hyperten-
sive medication resulted in lower SBP at 12 months, as
compared with usual care (128.2/73.8 vs. 137.8/76.3
mmHg). Furthermore, lowering BP did not increase ad-
verse events. This study also found that the average
daily antihypertensive medications of the intervention
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group was higher than that of the usual care group (3.34
vs. 2.61 pills/day). Therefore, even without tele-moni-
toring, SMBP with self-titration of anti-hypertensive
medication could be effective for better BP control. The
more recent randomized trial, Telemonitoring And/or
Self-Monitoring of blood pressure IN Hypertension
(TASMINH4), assessed the efficacy of self-monitored BP,
with or without telemonitoring, for antihypertensive ti-
tration in primary care, as compared to usual care.”! The
study demonstrated that self-monitoring, either with or
without telemonitoring, leads to significantly lower BP
than titration guided by clinical settings at one year. Us-
ing telemonitoring leads to more rapid lowering of BP
after 6 months. This study used the lower home BP tar-
get (135/85 mmHg) suggested by guidelines, as opposed
to the higher home BP targets (140/90 mmHg) used in
previous studies.

In a recent systematic review and individual patient
data meta-analysis, Tucker et al. identified 25 trials that
compared the effectiveness of SMBP to usual care.'??
The intensity of co-interventions was graded and their
effectiveness was compared. SMBP was more effective
than usual care at lowering BP at 12 months, but this ef-
fect was strongly influenced by whether co-interven-
tions were given. There was no difference in BP compar-
ing SMBP alone versus usual care. In contrast, there was
a reduction in BP when SMBP was combined with co-in-
terventions (web/phone feedback, education, in-person
counseling or telecounseling), with the reduction in-
creasing with the intensity of co-intervention. This meta-
analysis suggests that the implementation of SMBP
should be accompanied by co-interventions.

5.3 Increase awareness of physicians

Highlights

e Awareness of physicians plays an important role in pro-
moting HBP monitoring to their patients.

e To facilitate memorizing, the Task Force summarized
the highlights about how to increase awareness of phy-
sicians on HBP monitoring into the acronym “SERVE”:

m Scientific evidence of HBP monitoring to improve
clinical outcomes

m Educational and training programs for physicians

® Recommendations of HBP monitoring by clinical
guidelines
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m Validated devices in the office and affordable de-
vices in the market
m Educational and training programs for patients

According to previous studies, the majority of pri-
mary care physicians are aware of the importance of
HBP monitoring,’****! and they are willing to encourage
and educate their patients to record their HBP. However,
many physicians lack sufficient knowledge about the
correct use of HBP monitoring recommended by inter-
national or local guidelines, such as the normal range of
HBP, the use of upper-arm cuff device, or the number of
measurements.”® Physicians with younger age,**° fe-
male gender,129 who practices in smaller communities,lzg'129
or who have more patients using HBP monitoring?***°
are more likely to embrace HBP monitoring into their
standard care for hypertension. However, there are still
some concerns from physicians, which may discourage
them from promoting HBP monitoring to their patients.
For example, some are concerned about the lack of
standard protocol for HBP monitoring, and the lack of
training for their patients is another important issue.
Other concerns were patients’ excessive preoccupation
with BP measurement, or the lack of accurate BP de-

12 iy X .
® Another critical concern is the lack of accessible
129

vices.
information of validated devices.

Steps are suggested to increase the awareness of
physicians on the importance of HBP monitoring. First, it
is necessary to promote HBP monitoring to physicians in
a more aggressive manner. By educational seminars,
physicians can be more familiar with the evidence of
HBP monitoring. They can learn the recommendations
for the applications of HBP monitoring in diagnosis and
management of hypertension, such as how to get a reli-
able HBP reading, the treatment targets in specific groups,
or the HBP-based management strategy. The interna-
tional and local hypertension guidelines should also em-
phasize the role of HBP monitoring in hypertension
management. In addition, it is essential to organize pub-
lic education programs of HBP monitoring for general
population or hypertensive patients by government
agencies or academic societies. With a growing access
to HBP monitoring in general populations and more ex-
periences with current HBP monitoring devices, physi-
cians will be more motivated to promote HBP monitor-
ing to their patients. Physicians will have more confi-
dence in response to the information obtained from

HBP monitoring if there are reliable validated devices in
the office to confirm the accuracy of patients’ HBP re-
cords. Furthermore, the penetration rate of HBP moni-
toring would be higher if there are more affordable BP
devices in the market, which will also increase physi-
cians’ acceptance to HBP monitoring and subsequently
leading to a positive feedback. Finally, more scientific
evidence is needed to demonstrate that HBP monitoring
indeed improves BP control and outcomes in patients
with hypertension. All of these steps can increase the
awareness of physicians on the role of HBP monitoring
for management of hypertension, thereby encouraging
them to promote HBP monitoring to their patients.

5.4 Health policy and reimbursement

Highlights

e Health policy and reimbursement for HBP monitoring
would be effective in saving costs and reducing the eco-
nomic burden of hypertension.

Medical cost of cardiovascular disease is an impor-
tant social and medical issue in Western as well as in
Eastern countries.”>>*** Without taking the effects of
HBP monitoring on both diagnosis and treatment of hy-
pertension into consideration, prior economic evalua-
tion did not show salient evidence regarding the cost-ef-
fectiveness of HBP monitoring. Therefore, reimburse-
ment of HBP monitoring is uncommon. Lack of reim-
bursement in turn discourages the use of HBP monitor-
ing.

Funahashi et al. constructed a decision tree model
using data from the Ohasama study and a Japanese na-
tional database. They found introduction of HBP mea-
surement for the diagnosis and treatment of hyperten-
sion would be very effective to save costs.’** Most of
this was attributable to avoiding the start of treatment
for untreated individuals who were diagnosed as hyper-
tensive by OBP but whose BP was in the normal range
when based on HBP (i.e. white-coat hypertension).”>***

Lovibond et al. adopted a societal perspective in
their comparative economic evaluation of ABP monitor-
ing, HBP monitoring, and OBP measurement in the United
Kingdom.™* They found that ABP monitoring is the most
cost-effective method for hypertension diagnosis and
that HBP monitoring is either indistinguishable from or, in
certain scenarios among the youngest population, supe-
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rior to OBP measurement. However, differences in the
benefits in treatment of hypertension during patient fol-
low-up were not investigated among these three BP mea-
surement modalities. Another study from insurer per-
spective evaluated the cost-effectiveness of HBP monitor-
ing in hypertension diagnosis and treatment in the United
States. The results indicated that HBP monitoring was
generally more cost beneficial when it was used to diag-
nose hypertension in younger individuals and to monitor
hypertension treatment in older individuals.**®
Numerous studies have shown the value of HBP mo-
nitoring in self-monitoring and hypertension control, as
well as antihypertensive drug adherence especially when
paired with communication strategies, such as tele-
monitoring.m'138
ing the economic benefits of SMBP interventions to con-
trol hypertension.”® Three types of interventions were
evaluated: SMBP used alone, SMBP with additional sup-
port, and SMBP within team-based care. The result showed
SMBP with additional support or team-based care are
cost effective, rather than SMBP alone. Similar findings

There was a systematic review evaluat-

were found in a meta-analysis showing that SMBP com-
bined with additional support was preferred than usual
care with regard to cost-effectiveness analysis.'**

6. CONCLUSIONS: INTEGRATING HBP
MONITORING IN THE DIAGNOSIS AND
MANAGEMENT OF HYPERTENSION

In the recent international guidelines for manage-
ment of arterial hypertension, HBP monitoring has been
integrated into the assessment sets for the identification
of hypertension phenotypes, including white-coat hy-
pertension, masked hypertension, and morning or eve-
ning hypertension.”***° A good reproducibility of HBP
monitoring could be achieved if individuals carefully fol-
low the instructions before and during HBP measure-
ment, by using validated BP devices. It is feasible to use
HBP to initiate and adjust antihypertensive medications
to achieve both morning and evening HBP targets, as
well as to avoid hypotensive events.

In two recent BP screening campaigns conducted in
community pharmacies in Taiwan, about one third of hy-
pertensive patients receiving antihypertensive medica-
tions were uncontrolled with screening BP of > 140/90
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mmHg."*** With the support from medical caregivers,

paramedical team, or telemonitoring, HBP monitoring
could improve the control of hypertension. In this Con-
sensus Statement on HBP monitoring, we present evi-
dence regarding the role of HBP monitoring, and propose
the algorithms integrating HBP, OBP, and ABP in the diag-
nosis and management of hypertension (Figures 1 and 2).
Moreover, the improvement in hypertension control
could be expected by raising the awareness of physicians
and patients on the clinical significance and benefit of
HBP monitoring, and facilitating the establishment of
health policy and insurance imbursement for widespread
application of HBP monitoring in healthcare system.
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