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The reason why home blood pressure measurements
are preferred over clinic or ambulatory blood pressure

In Japan

Yutaka Imai!, Taku Obara?, Kei Asamaya1 and Takayoshi Ohkubo!34

Data regarding ambulatory blood pressure (ABP) or self-BP measurements at home (HBP) have been accumulated. The
difference between ABP and HBP is that ABP monitoring (ABPM) provides BP information at many time points on a particular
day during unrestricted routine daily activities, whereas HBP provides extensive amounts of BP information obtained under
fixed times and conditions over a long period of time; thus, the mean values of HBP are stable, and the reproducibility are
high. The high reproducibility of HBP is the rationale for its overall superiority over HBP compared with ABP and clinic BP
(CBP). The higher practicality of HBPM over ABPM is definitely recognized. HBPM allows for ongoing disease monitoring by
patients and can provide health-care providers with timely clinical data and direct and immediate feedback regarding the
diagnosis and treatment of hypertension. HBP is better able than CBP to predict hypertensive target organ damage and a
prognosis of cardiovascular disease. Unlike CBPM, HBPM provides BP information in relation to time, that is, BP in the
morning, in the evening and at night during sleep. HBPM is an essential tool for the diagnosis of white-coat hypertension and
masked hypertension. Day-to-day variability of HBP has clinical significance. HBPM yields minimal alerting effects and placebo
effects. HBPM can distinguish small but significant serial changes in BP and is the most practical way to monitor BP in the
day-by-day management of hypertension. HBPM improves compliance with antihypertensive medication. The operational
threshold of HBP has been established. HBPM is suspected to have a great effect on the medical economy. The superiority of
HBPM over ABPM and CBPM is apparent from almost all practical and clinical research perspectives. These characteristics of
HBPM indicate that this method is ideal for the diagnosis and treatment of hypertension in daily practice.
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INTRODUCTION
The practice and research of hypertension depends on blood pressure
(BP) information obtained in the medical environment (clinic BP/BP
at a health examination (CBP)), resulting in the accumulation of a
great quantity of data about CBP. CBP remains the gold standard for
the diagnosis and treatment of hypertension. However, data regarding
ambulatory BP (ABP) or self-BP measurements at home (home BP
(HBP)) have been accumulating for the past 30 years. The most
important difference between ABP and HBP is that ABP monitoring
(ABPM) provides BP information at many points on a particular day
during unrestricted routine daily activities, whereas HBP provides
extensive BP information obtained under fixed conditions and at nearly
fixed hours of the day over a long period of time. The mean values of
HBP are stable, and the short- and long-term reproducibility is high.
Based on the advantages of HBP over ABP, the Japanese Society of
Hypertension (JSH) 2009 Guidelines! and JSH Guidelines for HBPM

2003 and 2011>* emphasize the importance of HBPM rather than
ABPM for the diagnosis and treatment of hypertension. At present,
>35 million units for HBPM have been distributed to Japanese
households,* which is almost equivalent to the hypertensive
population of Japan. In 2005, a patient survey at a pharmacy in
Japan (n=8500) showed that 77% of hypertensive patients and 39%
of non-hypertensive patients owned these units.>

In a 2005 survey of doctors’ awareness and practice of BP
measurements in Japan (n=2000), 90% of responding general
practitioners indicated that they valued HBP as much or more than
CBP, and almost all of them recommended measurements of HBPM
for their patients.®

Recent European and American guidelines endorsed the applica-
tion of HBPM in the management of hypertension in clinical practice
and recommended its use in most patients with possible or treated
hypertension.”1® The British Hypertension Guidelines (National
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Institute for Health and Clinical Excellence: NICE clinical guideline
127) suggested that the diagnosis and treatment of hypertension
should no longer be based on CBP alone and that incorporation of
out-of-office measurements should be mandatory.!! The NICE
guidelines stated that if the CBP is >140/90 mm Hg, ABPM should
be offered to confirm the diagnosis of hypertension. Many
practitioners do not or cannot follow this recommendation.
Evidence on the use of HBPM in clinical practice and research has
been documented in several reviews and guidelines (see w-1 in
Supplementary Information). In this review, we focus on the rationale
for HBPM being the preferred method for the diagnosis and
treatment of hypertension and hypertension research in Japan.

1. GENERAL CHARACTERISTICS OF CBP, HBP AND ABP

The common feature of HBPM and ABPM is that the measurement
frequency of these methods is greater than CBPM (Table 1). Because
HBP can be measured under standardized conditions, its mean values
are stable, and the reproducibility of the short- and long-term readings
are higher than those of CBP and ABP (see w-2 in Supplementary
Information). The higher reproducibility and reliability of HBP is the
rationale for its overall superiority over HBP compared with ABP and
CBP. These characteristics of HBP allow it to be used to determine small
but significant serial changes in systolic and diastolic BP.1%13

Practicality
The most remarkable difference between ABPM and HBPM is
practicality. More than 35 million HBPM devices have been dis-
tributed in Japan, whereas only 20000 ABPM devices are in use.t
The high number of available HBPM devices means that non-
hypertensive as well as hypertensive subjects can obtain these devices.
The reason for this wide distribution is that Japanese people are well
aware of the serious risk associated with hypertension and are anxious
to monitor their BP levels; this finding is reflective of the Japanese
mentality. The self-measurement of BP at home in Japan is
traditional. At the end of the 1950s, conventional mercury sphygmo-
manometers used with stethoscopes were sold in pharmacies and by
mail order. This method was not followed because of the complex
procedure involved. At the end of the 1960s, aneroid sphygmoman-
ometers with a microphone in the upper arm cuff were released to the

Table 1 Comparison of general characteristics of the three BP
measurement methods

CBP ABP HBP
Measurement frequency Low High High
Standardization Low Low High
Reproducibility/reliability Low Medium High
Sensitivity to BP change Low Possibly high Hgh
Practicability
Availability Low Low High
Feasibility Low Low High
Utility High Low High
Acceptability, tolerability Moderate Low High
Trackability Moderate Low High
Quick feedback High Low High
Repeatability Moderate Low High
Cost for measurements Low High Moderate
Labor for patients Low High Moderate
Labor for doctor High High Low

Abbreviations: ABP, ambulatory blood pressure; CBP, clinic blood pressure; HBP, home blood
pressure.
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market. In the beginning of the 1970s, aneroid sphygmomanometers
had been replaced by electrical strain gauge manometers. These
devices frequently suffered from mechanical trouble and were
expensive. At the end of the 1970s, semiautomatic electrical devices
for HBPM based on the cuff-oscillometric principle were introduced
in Japan. Subsequently, automatic devices for HBPM spread exten-
sively. This trend has become common worldwide.”8

Acceptability/tolerability

Japanese people are very tolerant of HBP automatic measurements
and accept them as a daily activity to track their own health.” ABPM
has been shown to be less accepted than CBPM or HBPM, largely
owing to the discomfort, disturbance of life and sleep, high cost and
need for medical staff (see w-3 in Supplementary Information). The
high availability, feasibility, utility and tolerability of HBPM are
acknowledged worldwide (see w-4 in Supplementary Information).
The Ohasama study, which began in 1986, introduced ABPM and
HBPM for obtaining BP information.!#!> Thereafter, HBPM was
performed for 26 years, and in total, 6000 Ohasama residents
continued HBPM wusing automatic HBPM devices primarily
purchased by the inhabitants of Ohasama. The ABPM project was
discontinued in 2006 because of the excess labor required for medical
staff and the high burden placed on the study subjects. The Ohasama
study supports the higher acceptability, availability, feasibility and
utility of HBPM over ABPM.

Recently, the Ohasama study group reported the results of the
Hypertension Objective Treatment based on Measurement by Elec-
trical devices of Blood Pressure Study (HOMED BP Study), a
randomized, controlled, open trial using automatic HBPM devices
and the Internet (telemedicine). In the study, 3518 hypertensive
subjects were followed for up to 10 years (mean 5.3 years) by 300
general practitioners.'® This study showed that HBPM was used
without difficulty and was readily accepted by practitioners and
patients.

Easy to repeat, easy to standardize, easy to track

HBPM offers the possibility of obtaining multiple readings over the
long term under standardized conditions, and it is simple to repeat
and track. ABPM is not suitable for repeated measurements.!”

HBPM allows for ongoing disease monitoring by patients, can
provide health-care providers with timely and relevant clinical data
and can provide direct and immediate feedback regarding the
diagnosis and treatment of hypertension.'®2! HBPM can provide
direct feedback as to the diagnosis of hypertension and BP control,!*-2!
whereas there is a time lag in ABPM for feedback on the diagnosis and
treatment of hypertension.

An advantageous feature of HBPM is that the measurement
conditions can be standardized. ABP is monitored during unrestricted
routine daily activities. Thus, the reproducibility of HBP is superior to
that of ABP (see w-2 in Supplementary Information). The JSH
guidelines' recommend that HBP should be measured daily over a
long period, that is, life-long measurements. This recommendation is
different from the European and the US guidelines. The standard of
the Japanese guidelines is that HBPM is not only a tool for diagnosis
and therapeutic decisions but is also a tool for lifestyle modification
and the self-management of hypertension. In Japan, almost all people
with hypertension have their own HBPM devices, whereas in some
developed countries, HBPM devices are lent to patients by a primary
care center for only a short period to diagnose and manage
hypertension.??



2. CBP, ABP AND HBP FROM A CLINICAL STANDPOINT
Although the general characteristics of HBP appear to be superior to
CBP and ABP, ABPM is recommended more often in several
guidelines (Table 2).%!! Most guidelines emphasize that the
evidence on the prognostic significance of HBP is insufficient when
compared with ABP and that ABP should be the gold standard for
clinical practice and research of hypertension. This concept is
downgrading the value of HBP.

Accumulation of evidence

Much evidence has accumulated that shows that HBP is able to
predict hypertensive target-organ damage (TOD) and a prognosis of
cardiovascular disease more effectively than CBP.

The Tecumseh study investigators first reported that hypertensive
TOD in subjects with borderline hypertension could only be predicted
by HBP.2?

The comparative predictive power of HBP, ABP and CBP for
cardiovascular mortality was first reported by the Ohasama study in
1996.24 In 1998, they reported that HBPM had higher predictive
power for cardiovascular morbidity and mortality than CBPM.?* The
Ohasama study investigators reported the prognostic value of HBP
from various points of view (see w-5 in Supplementary Information).

In 1999, Okumiya et al.%® reported a U-shaped association between
the average level of SHBP and mortality in old men.

The Self-Measurement of Blood Pressure at Home in the Elderly:
Assessment and Follow-up (SHEAF) study followed 4939 treated
hypertensive patients for 3.2 years and observed that HBP has a better
prognostic accuracy than CBP.?7-28

Table 2 Differential clinical standpoints for the three BP
measurement methods

CBP ABP HBP
Accumulation of evidence Adequate  Adequate Adequate
Reflection of target organ damege Weak Adequate Adequate
Reflection of prognosis Weak Adequate Adequate
Use in non-hypertensive population Possible Not Adapted
adapted
Tool for lifestyle modification Not Not Adapted
adapted adapted
Interference in daily activity Significant Significant ~ Negligible
Anxiety over measurement Possible Possible Possible
Alerting reaction Significant  Initially Initially
Observer bias Possible Absent Absent
Selection/reporting bias Absence Absent Possible
Regression to the mean Significant Weak Absent or
weak
Compliance/adherence No effect  Uncertain  Ameliorates
Awareness of hypertension Uncertain  Uncertain Improves
Patient’s active participation for Uncertain  Uncertain Improves
medication
Patient’s motivation to control BP Uncertain ~ Uncertain Improves
Doctor-Patient cooperation and Uncertain  Uncertain Improves
communication
Doctor’s motivation to provide active Uncertain  Improves Improves
treatment
Tool for self-management Not Not Adapted
adapted adapted
Risk for self-modification of treatment None None Possible

Abbreviations: ABP, ambulatory blood pressure; CBP,clinic blood pressure; HBP, home blood
pressure.
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In 2005, the Pressioni Arteriose Monitorate e Loro Associazion
(PAMELA) study investigators reported the comparative prognostic
value of HBP, ABP and CBP. They reported that the overall ability to
predict death was comparable among HBP (with an average of two
measurements in one day), ABP and CBP%

In the same year, Flemish investigators reported that the prognostic
significance of HBP measured by medical staffs was higher than that
of CBP and was at least equal to that of daytime ABP in older
hypertensive patients in a primary care cohort.>

The Japan Hypertension Evaluation with Angiotensin IT Antagonist
Losartan Therapy (J-HEALTH) study followed 4596 subjects and
observed that the risk of masked hypertension determined by HBPM
was similar to that of poorly controlled hypertension.3!

In 2010, the Fin-Home study investigators reported that HBP
predicted the risk of cardiovascular events more effectively than CBP
during the 6.8 years of follow-up of 2081 randomly selected subjects
in Finland.*

The Didima outcome study investigators reported that HBP
measured twice in the morning for 3 days predicted cardiovascular
events as well as CBP did during the 8.2 years of follow-up of a
general population in Greece.>

The evidence of the prognostic significance of HBP has been
accumulating. It has been criticized that none of the studies with
HBPM were conducted in untreated subjects at the time of quantify-
ing HBP>* To address this point, the Ohasama study demonstrated
the prognostic value of HBP in untreated subjects. HBP-based
classifications showed a linear increase in stroke risk among
untreated individuals, and this trend was more apparent in
untreated subjects than in treated subjects.>

Evidence regarding the prognostic value of HBPM suggests that
this method is a reliable diagnostic test and an alternative to ABPM to
be used for decision making in hypertensive management.>®

Use in hypertensive and non-hypertensive subjects
A specific feature of HBPM compared with ABPM and CBPM is that
HBPM is available not only for hypertensive subjects but also for non-
hypertensive subjects. This finding is supported by the situation in
Japan where >35 million HBPM devices have already been dis-
tributed; this distribution rate equals approximately one device per
household.*> It is assumed that monitoring of HBP in the non-
hypertensive population as well as in the hypertensive subjects
increases the awareness of BP and hypertension in the general
population.”?>374% This result may have a substantial effect on
motivating subjects to make lifestyle modifications.”!741:42

It has been reported that HBPM mediates the patients’
active participation in hypertension medication treatment?!43-4
due to the activated motivation of patients for BP control**” and
that it  improves  compliance  with  antihypertensive
medication, 1819:22,37,43,48-51

It has been confirmed that HBPM motivates doctors to begin
treatment, overcomes doctors’ inertia regarding the management of
hypertension and facilitates doctor—patient cooperation.?1,22:4%5253
These beneficial effects of BP measurement are observed with
HBPM but not with CBPM and ABPM.

Shortcomings of HBPM

HBPM interferes with daily activities, but the extent of this
interference is minimal compared with ABPM and CBPM. In Japan,
HBPM is practiced customarily, and subjects do not feel that HBPM
is troublesome.®
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It is possible that some patients feel anxiety about HBPM, and
others might become overly focused and take too many measure-
ments. Appropriate interactions between patients and physicians,
including patient education, may help overcome these types of
problems.>*

The alerting as well as the novelty effect remain for HBPM.>> These
effects are most significant in CBPM and are apparent in ABPM
during the initial few hours of use.’® In HBPM, the novelty effect is
small or practically absent.”” The novelty effect, if present, is observed
only during the initial few days, and thereafter, HBP is stabilized.>’
Therefore, the regression to the mean effect is minimal or absent in
HBP compared with CBP or ABP>7 suggesting that HBPM has no or
minimal placebo effect.437:%8

Selection/reporting bias

The most serious problem associated with HBPM may be the
selection and reporting bias of HBPM data.’>% Patients frequently
select inaccurately low or sometimes high values. Low readings may
be reported to prove to the physician that medication or uptitration is
not needed, whereas high readings may result in uptitration.®* To
exclude the selection/reporting biases, the JSH guidelines!'~
recommended that HBP should be measured 1-3 times in the
morning and evening and that all HBP readings should be docu-
mented. The Japanese guidelines emphasize that measuring once in
the morning and evening for a long period is preferable to facilitate
ruling out a selection/reporting bias.! The use of devices with an
integrated circuit memory solves this problem.

Self-management

HBPM is essentially a favorable tool for self-management, but this
also brings a risk of self-modification of treatment. The JSH guide-
lines' emphasize that patients should be instructed not to self-
modify the treatment regimen on the basis of HBP. Recently, several
studies recognize that with the combination of HBPM and
telemedicine, self-titration of the antihypertensive regimen is
feasible.o1-63

3. TECHNICAL ISSUES OF CBPM, ABPM AND HBPM

Systemic and observer bias of BP measurements

BP measurements based on conventional sphygmomanometer and
auscultatory methods in the clinical setting have been confirmed to be
inappropriate as a tool for decision making in clinical practice due to
their inaccuracy (Table 3). Every guideline claims to comply with the
suggested procedures for CBPM. Such procedures are prescribed to
reduce the random variations in BP and to increase the reliability and
reproducibility of BP measurements. BP is rarely measured in
accordance with such guidelines in a screening or clinical setting,
and worries about the accuracy of measurements are often disre-
garded or ignored.1®%* The challenges of low compliance with the
procedure of CBPM remains, at least in Iapan.64

Accuracy of devices

HBP and ABP are measured by automatic devices based predomi-
nantly on the cuff-oscillometric principle. Issues with the accuracy of
the automatic devices remain. Several devices sold globally are not
validated on the basis of a global standard. At least in Japan, the
accuracy of the automatic devices is certified by a regulatory
authority, indicating that the accuracy of the devices is adapted to
the criteria of the Association for the Advancement of Medical
Instrumentation® or of the European Society of Hypertension,

Hypertension Research

Table 3 Technical issues for the three BP measurement methods

CBP ABP HBP

Automatic/manual Automatic/manual Automatic Automatic
Inaccuracy of device Possible Possible Possible
Observer bias Present Absent Absent
Training of staff Essential Essential Necessary
Instructions for users Not necessary Essential Necessary
Telemedicine Not adapted Not adapted Adapted
Memory function Not available Available Available
Download to computer Not available Available Available
Averaging Labor-intensive Easy Easy

Abbreviations: ABP, ambulatory blood pressure; CBP, clinic blood pressure; HBP, home blood
pressure.

International protocol.%® It seems that the problem of the accuracy
of the device lies with the authorities who regulate the systems.

Integrated circuit memory and related functions

A considerable number of recent devices for HBPM incorporate an
integrated circuit memory, which allows data to be downloaded to a
microcomputer. The averaging of a large number of BP measurements
is easily available, and the application of telemedicine is possible.
These functions of HBPM are not provided by ABPM and CBPM.

Instructions for patients

Past guidelines emphasized that ABPM and HBPM should be
performed under medical supervision. In Japan as well as in other
developed countries, the introduction of HBPM among hypertensive
patients started spontaneously without instruction by health profes-
sionals.> Most patients or subjects had little difficulty using the
HBPM devices.®” Now it is emphasized that elaborate training is no
longer necessary for the automatic electrical devices.%72 At least for
Japanese subjects, the written instructions attached to the device are
sufficient to allow accurate measurements of HBP. This finding was
shown in the Ohasama s'[udy,l“’25 HOMED-BP study,71 Japan—
Home versus Office measurement evaluation (J-HOME) study*!' and
Babies and their Patients’ Longitudinal Observation in Suzuki
Memorial Hospital on Intrauterine period (BOSHI) study’? in
which HBPM was used for the determination of BP in a large
number of subjects. Instruction for ABPM is essential. Substantial
training of staff for ABPM is indispensable, whereas training of staff
for HBPM is unnecessary.

4. BENEFITS OF HBPM FOR THE DIAGNOSIS OF
HYPERTENSION

Unlike CBPM, ABPM and HBPM provide BP information in
relationship to time (Table 4). Although ABPM provides 50-100 BP
measurements obtained every 15-30 min on a particular day, each BP
value is unreliable.”?

BP in the morning and morning hypertension
ABP in the morning just after awaking are unstable because, in this
time period, it is difficult to keep the arm still, and it is known that
BP measurements in this time period are frequently inaccurate.”*7>
Morning BP on the basis of HBP is measured under fixed conditions
at fixed hours of the day. Morning HBP averaged for a long period is
reliable and reproducible.

The prognostic significance of morning HBP was reported in the
Ohasama study’® and the Jichi Morning Surge (JMS)-1 study,”’
demonstrating that morning hypertension, which indicates



Table 4 Diagnosis of hypertension from the three BP measurement
methods

CcBP ABP HBP
Long-term average of BP Available Not available Available
Daily average of BP Not available Available Partly available
Worksite BP/hypertension Not available Available Possibly
available
Morning BP/hypertension Not available Available Available
Morning surge Not available Available Possibly
available?
Evening BP/hypertension Not available Available Available
Nocturnal BP/hypertension Not available Available Possibly
available?
Nocturnal dipping status Not available Available Possibly
available?
White-coat effect Not available Available Available
(hypertension)
Masked hypertension Not available Available Available
Short-term BP variability Not available Available Possibly
available
Circadian BP variability Not available Available Possibly
available?
Long-term variability Available Not available Available
Day-to-day BP variability Not available Not available Available
Morning-evening difference Not available Available Available
Heart rate Available Available Available
(labile) (labile)

Abbreviations: ABP, ambulatory blood pressure; CBP, clinic blood pressure; HBP, home blood
pressure.
2HBP monitoring devices that can monitor blood pressure during sleep at night are available.

hypertension specifically observed in the morning, might be a better
predictor of stroke than evening hypertension, particularly among
individuals using antihypertensive medication.”®

Morning hypertension is mediated by a morning surge or is
observed following the non-dipper/riser or nocturnal hypertension.
The latter was first reported in the Ohasama study in which subjects
underwent 24-h ABPM and HBPM.”®

The predictive value of morning BP for TOD has been confirmed
(see w-6 in Supplementary Information). Morning—evening differ-
ences in HBP are one of the indices of high morning BP or morning
hypertension. The Ohasama study first reported that the greater the
morning—evening difference was, the higher the cardiovascular
mortality.”® The predictive value of the morning—evening difference
for TOD was confirmed (see w-6 in Supplementary Information).

BP in the evening

Evening BP on the basis of HBPM is affected by daytime physical and
mental activities and the lifestyle of subjects such as time of the
evening meal, alcohol consumption and bathing (see w-7 in
Supplementary Information). Taking antihypertensive drugs in the
evening also affects evening HBP (see w-7 in Supplementary
Information). The JSH guidelines' recommend that HBP in the
morning should be measured within 1h after waking up, after
urination, before drug ingestion and before breakfast. These
guidelines also recommend that evening HBP be measured once
immediately before going to bed. Evening HBP is lower than morning
HBP in Japanese subjects (see w-8 in Supplementary Information). It
has been reported that evening HBP is higher than morning HBP in a
Caucasian population (see w-8 in Supplementary Information). This
difference may be mediated by the difference of lifestyles.

Home blood pressure measurements in Japan
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BP at night during sleep and the morning surge

The poor reproducibility of nocturnal BP measurements and noctur-
nal dipping status on the basis of ABPM have widely been recognized
because nocturnal BP levels are affected by the quality and quantity of
nocturnal sleep (see w-9 in Supplementary Information). The morning
surge noted by the difference between morning BP and nocturnal BP
measurements on the basis of the ABPM” is not reproducible.

The assessment of nocturnal BP is of major clinical relevance
because of its demonstrated prognostic value.® The Ohasama study
investigators developed an HBPM device that can monitor nocturnal
BP during sleep.8"8? Such devices are now used in epidemiological
surveys,3 large-scale intervention trials'® and clinical pharmacology
studies® in Japan. More recently, HBPM devices that have an ability
to work as ABPM have also been marketed.8>8¢ Nocturnal BP can be
assessed repeatedly by HBPM. Nocturnal BPs are normally measured
by a HBPM device a limited number of times during sleep, and
subjects can recall whether they woke up during the measurements.
ABPM measures BP every 30-60 min during the night, and normally,
subjects cannot remember if they woke up during the BP measure-
ments (see w-9 in Supplementary Information). Now, with HBPM,
we can determine the relationship between the nocturnal BP levels
and quality of sleep.882 Measurements of nocturnal HBP during
sleep as well as morning and evening HBP over a long period might
provide reliable information on the nocturnal dipping status.

Masked hypertension

Morning hypertension, evening hypertension, worksite hypertension
and nighttime hypertension are not diagnosed unless out-of-office BPs
are measured. These hypertensive conditions are defined as masked
hypertension.%” In 1996, the Ohasama study first noticed the presence of
masked hypertension on the basis of HBPM in the general population.®
It has been confirmed that masked hypertension determined by HBPM
is associated with a poor prognosis of cardiovascular disease (see w-10
in Supplementary Information). Masked hypertension on the basis of
HBPM predicted the TOD, future development of sustained hyperten-
sion, future development of impaired glucose metabolism or metabolic
syndrome and other cardiovascular risks (see w-10 in Supplementary
Information). When masked hypertensive patients are treated, HBPM
can determine masked resistant hypertension.”58-%1

White-coat hypertension

HBPM seems to be the most plausible method to diagnose white-coat
hypertension or to define the white-coat effect (see w-11 in
Supplementary Information), as HBPM can provide timely and
relevant clinical data and direct feedback without the presence of a
health-care provider. It seems that the definition of the normotensive
level of HBP prescribes the risk of white-coat hypertension (see w-11
in Supplementary Information). Another issue to define white-coat
hypertension or the white-coat effect is the method of out-of-office
BP monitoring. Because the reproducibility of ABPM is low, the
reproducibility of white-coat hypertension or effect on the basis of
ABPM is low?>%® (see w-11 in Supplementary Information).

Even if white-coat hypertension is harmless for a certain period, its
long-term effects are unknown. The Ohasama study investigators first
reported that white-coat hypertension determined on the basis of HBPM
is a transitional condition to true hypertension.”* Recently, the PAMELA
study investigators confirmed that subjects with white-coat hypertension
are at increased risk of developing true hypertension.”> It has been
reported that white-coat hypertension defined by HBPM is accompanied
by metabolic disorders, a higher risk of cardiovascular mortality and
worse prognosis than true normotension (see w-11 in Supplementary
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Information). Long-term follow-up of subjects with white-coat hyper-
tension is indispensable. HBPM is the best means to maintain awareness
of the long-term risk of white-coat hypertension.

Blood pressure variability

Morning hypertension, evening hypertension, nocturnal hyperten-
sion, nocturnal dipping and the morning surge are types of BP
variability phenotypes. Since the report in 2010 on the prognostic
significance of the visit-to-visit variability of CBP,”® the interest in BP
variability has increased. To obtain an index of the visit-to-visit
variability of CBP, we must wait longer than one year.

The robust prognostic evidence on the short-term BP variability
obtained by ABPM was first reported by the Ohasama study.®” These
investigators were also interested in the clinical significance of the
day-to-day variability of HBPM.?® They reported that day-to-day
variability of HBP was predictive of stroke in the Ohasama
population. The Fin-Home study investigators demonstrated that
greater variability in morning HBP is an independent predictor of
cardiovascular events.”® The predictive value of day-to-day variability
of HBP for hypertensive TOD has been confirmed.!°»1%! Johansson
et al.”® emphasized that HBPM can provide data on the short-term
variability of BP using the first and second measurements of HBP on
one occasion, and this short-term BP variability can predict the total
and non-fatal cardiovascular events and total mortality.

HBPM is an excellent way to detect long-term variations in BP,
including seasonal variations. We first reported that minimal seasonal
changes in BP were captured by HBPM in subjects with borderline
hypertension.!? Seasonal variation of BP defined by HBPM was
reported extensively under several pathophysiological conditions (see
w-12 in Supplementary Information).

5. DIFFERENTIAL FEASIBILITY OF CBPM, ABPM AND HBPM
FOR THE TREATMENT OF HYPERTENSION

It has been revealed that HBPM yields minimal alerting effects and
novelty effects (Table 5).#>%7°8 These characteristics of HBPM reflect
good reproducibility of BP levels (see w-2 in Supplementary
Information), no regression to the mean and a minimal placebo
effect.*>>7>8 HBPM can distinguish small but significant serial
changes in BP.!>!> Such features of HBPM are superior to ABPM
for determining the antihypertensive efficacy of drugs and apparently
surpasses the data available from CBPM.

Benefit of HBPM for the treatment of hypertension

ABPM has the advantage of being able to determine the time-
dependent effects of antihypertensive drugs.'®® A weak point of
ABPM for the determination of the antihypertensive effect of drugs
is the low reproducibility of BP levels and the unreliability of each BP
value (see w-13 in Supplementary Information). It is not practical to
perform multiple ABPM sessions in the same patients to evaluate the
response to treatment.

Repeated measurements under standardized conditions at fixed
times for an extended length of time result in HBPM being the most
appropriate method for evaluating the efficacy of antihypertensive
drugs.!4

Regular use of HBPM can enhance the evaluation of how effectively
BP is being controlled in patients who are taking medication.!®> BP
control in people with hypertension on the basis of HBPM improved
BP control (see w-14 in Supplementary Information) and increased
the proportion of patients achieving target BP goals (see w-14 in
Supplementary Information).

Duration of action of antihypertensive drugs

The duration of the action of the antihypertensive drug effects can be
determined by HBPM. This was indicated by the trough/peak ratios on
the basis of ABPM. Because the reproducibility of ABP is poor, the
reproducibility of the trough/peak ratio is also poor and unreliable.!%
The duration of action of antihypertensive drugs can be determined by
the morning effect versus the evening effect ratio on the basis of HBPM.
In this case, multiple morning effects and evening effects are available
with HBPM. The morning/evening ratio is stable and reliable.!%7-111

Trend of antihypertensive effects

HBPM is the most practical way to detect and monitor BP in the day-
by-day management of patients with hypertension and is appropriate
for tracking changes in BP induced by treatment.!%” Recently, trends
of the antihypertensive effects of drugs have been shown by fitting
data to the exponential decay function curve using daily HBPM
values.!!? This analysis provides the maximum hypotensive effect and
the time to attain the maximum hypotensive effect.'!?

Compliance/adherence
HBPM can detect the short-term effects of withdrawing antihyper-
tensive drugs (non-compliance).!'* It has widely been recognized

Table 5 Differential feasibility of the three BP measurement methods for treatment of hypertension

CBP ABP HBP

Determination of antihypertensive effect Unreliable Adapted but unreliable Reliable
Achievement of target BP Uncertain Uncertain Improved
Amelioration of BP control No No Possible
Duration of action of antihypertensive effect Not adapted Adapted (T/P ratio) Adapted (M/E ratio)
Trend of antihypertensive effect (long-term) (exponential decay function) Not suitable Not adapted Adapted
Time-dependent antihypertensive effect (short-term) (antihypertensive drug coverage) Not available Adapted but low reproducibility Adapted
Effect of drugs on BP variability Not reliable Adapted Adapted
Placebo effect Significant Moderate None or minimal
Compliance/adherence No effect No effect Ameliorated
Hypotensive effect of BP measurement per se No No Possible
Number of patients needed to detect antihypertensive effect Many Uncertain Small number
Operational threshold

Diagnositic criteria Established Established Established

Target BP level Established Not established Not established

Abbreviations: ABP, ambulatory blood pressure; CBP, clinic blood pressure; HBP, home blood pressure; M/E ratio, morning effect/evening effect ratio T/P ratio, trough/peak ratio.
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that HBPM improves compliance/adherence to antihypertensive
medications (see w-15 in Supplementary Information).

Characteristically, it has been reported that HBPM per se has a
certain antihypertensive effect.!'>!1¢ The use of HBPM in drug trials
has been shown to reduce the number of patients needed to detect
antihypertensive effects.>”!1”

Operation threshold of HBP

In national and global guidelines,>*”~'0 a HBP of 135/85mm Hg
was adopted as a criterion for hypertension on the basis of the
Ohasama Studyzs’118 and international database,!'®120 whereas the
World Health Organization/International Society of Hypertension
guidelines in 1999'2! stated that a HBP of 125/80mmHg was
equivalent to a CBP of 140/90 mm Hg according to research studies,
including the Ohasama study'* and PAMELA study.!?? The 2007
European Society of Hypertension/European Society of Cardiology
guidelines proposed a HBP of 130-135/85 mm Hg as a criterion for
hypertension, revealing a margin of flexibility in SBP.'?* A value of
>125/80 mm Hg and < 135/85 mm Hg of HBP cannot be regarded as
normotension and should be recognized as a high normal range
or above.

The target HBP for antihypertensive treatment has not been
established. In an American Heart Association, American Society of
Hypertension and Preventive Cardiovascular Nurse Association joint
statement, the target of hypertensive treatment for hypertensive
patients in general is an HBP of 135/85 mm Hg, and the target for
high-risk patients is 130/80 mm Hg.® According to a meta-analysis
of studies on HBP, the optimal HBP was reported to be <120/
80 mm Hg.!** The JSH guidelines"* determined the expected target
HBP level for antihypertensive treatment for young and middle aged
persons to be 125/80mmHg and for elderly persons to be 135/
85mm Hg. The former is equivalent to the upper normal range of
HBP, and the latter is equivalent to the hypertension criterion of HBP.
There is no evidence to support these target HBP levels. The
HOMED-BP study explored the extent to which long-term
antihypertensive treatment guided by HBPM affected cardiovascular
outcomes in patients randomized to usual versus tight control and to
the initiation of treatment with three different classes of
antihypertensive drugs (see Section 1). Although there was no
difference among the groups in a 2 x 3 study design, the risk of the
primary endpoint independently increased by 41% and 47% for a 1
s.d. increase in baseline and follow-up systolic HBP, respectively, in all
patients combined.!® The 5-year risk was < 1% if the on-treatment
systolic HBP was < 131.6 mm Hg.!® The HOMED-BP study proved
the feasibility of adjusting antihypertensive drug treatment based on
HBP and suggested that a systolic HBP level of 130 mm Hg should be
an achievable and safe target.

6. APPLICATION OF THE THREE BP MEASUREMENTS FOR
CLINICAL STUDY

ABPM enables measurement of BP over 24h during normal living
activities, which leads to random and rhythmic variations of BP.
ABPM is suitable to detect short-term (for example, every 15-30 min)
variability of BP. Theoretically, ABPM is most suitable for evaluation
of circadian BP variation. The low reproducibility of the ABP level,
nocturnal BP level and dipping patterns or circadian BP variations
have widely been recognized (see w-13 in Supplementary
Information). These characteristics of ABPM are not suitable for
general clinical studies or clinical pharmacological studies. Although
ABPM maintains its role as a research tool, its use might be restricted.
HBPM can surpass and replace many useful components of ABPM.

Home blood pressure measurements in Japan
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HBPM provides objective measurements and strict phenotypes of
BP compared with ABPM and CBPM.'?* This strict phenotype of BP
unmasks the relationship between genes and hypertension. The
PAMELA study investigators emphasized that the method of BP
measurement has a significant impact on genetic associations with
BP.!26 In a 12-year follow-up of the Ohasama study, it was clarified
that the accumulation of common polymorphisms predicted the risk
of future development of hypertension defined by HBPM only in 403
subjects'?” and reported the relationship between parental longevity
and HBP in their children.!?® The heritability of BP levels has never
been clarified by CBP in such a small number of subjects.

7. ECONOMIC VIEWPOINTS OF THE THREE BP
MEASUREMENT METHODS

The introduction of ABPM into the diagnosis and treatment of
hypertension has been shown to have a strong effect on the medical
economy.'?>130 If HBPM provides information comparable with that
provided by ABPM, HBPM would also be expected to have a significant
effect on the medical economy (see w-16 in Supplementary
Information). In Japan, where HBPM devices are purchased and used
by most hypertensive patients, the introduction of HBP into the care of
hypertension has resulted in a decrease in annual medical expenditures
of approximately 1 trillion yen.'*"!32 This decrease has been mediated
primarily by screening for white-coat hypertension and masked
hypertension. A meta-analysis reported that regular HBPM use
correlated with twice the reduction in the dose of antihypertensive
drug used compared with patients whose BP was monitored in the
clinic (see w-16 in Supplementary Information). As a result of large-
scale intervention studies, the introduction of HBPM has been reported
to lead to a reduction in medical expenditures via a decrease in the
amount of drugs used (see w-16 in Supplementary Information). The
introduction of HBPM in the management of hypertension allows the
health-care professional to obtain daily BP levels from patients without
frequent visits to the clinic, with the potential of curtailing the escalating
cost of health care (see w-16 in Supplementary Information).

The costs for the device and analysis associated with ABPM are
high when compared with HBPM. If all the subjects with newly
diagnosed and treated hypertension underwent ABPM, an untenable
rise in costs would be anticipated.”> HBPM is less expensive in
terms of the cost of the device and the analysis of information (see
w-16 in Supplementary Information). Many HBPM devices have been
purchased by people in Japan, and no economic burden for medical
institutions and the nation has been determined.

The NICE clinical guideline 127 emphasizes that if CBP is >140/
90 mm Hg, ABPM, not HBPM, should be offered for all patients to
confirm the diagnosis of hypertension.!! This recommendation was
made based on the grounds that ABPM is the most cost-effective
strategy to diagnose hypertension.!>® This analysis was performed
based on an assumption that ABPM is the gold standard, indicating
that the sensitivity and specificity of ABPM for diagnosis of
hypertension are 100%. If we compensate for the findings shown in
the present review, HBPM should be considered the gold standard for
the diagnosis of hypertension. Thus, the cost-effectiveness of HBPM
should be greater than that of ABPM.

It is important to consider that ABPM is covered by health
insurance in the United States, European countries and Japan,b®
but HBPM is not.

Limitation of the review
In the present review, we emphasized the superiority of HBPM over
ABPM. The most serious limitation of this conclusion is the lack of a
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direct comparative study of ABPM and HBPM for the prediction of
cardiovascular outcome.

It has been hypothesized that ABPM and HBPM have different
roles and may supplement each other. HBPM and ABPM may
independently and cumulatively predict cardiovascular and all-cause
mortality.”> The Ohasama study investigators reported recently that
the clinical significance of HBPM and ABPM for predicting TOD
differ for different target organs.'3*

At present, a strict target BP level for ABP and HBP have not been
established. Extensive application of HBPM and ABPM in the
intervention trials for hypertension is expected in the future.

We must highlight the clinical significance of the home heart rate,
monitoring schedule of HBPM and the result of clinical studies based

Scheme for Evaluation of Hypertension

. Incidental high blood pressure
Screenmg High blood pressure in health examination
High home blood pressure/high self-measured blood pressure
@)
Diagnosis Clinic blood pressure Clinic blood pressure
=140/90 nnHg 2140/90 nmHg
(b)
*
ok
-------- mbulatory blood pressure
Definite Day time 2135/85mmHg
diagnosis Definite Hypertension 24hour  2130/80 imHg

Night time 2120/70 nHg

Treatment

* When the diagnosis of hypertension is not consistent between clinic and home
blocd pressure , the diagnosis based on home blood pressure has pricrity over
that based on clinic blood pressure.

Self- measured blood pressure indicates measurements of blood pressure by the
devices in the public places, worksite, pharmacy, etc.

** |ndication of ambulatory blood pressure monitoring.

1. Inthe case when home blood pressure is around 135/85mmHg or clinic blood
pressure is around 140/90mmHg.

2. In the case with white-coat hypertension where HBP is equal to or higher than
125/80mmHg and less than 135/85mmHg.

3. Inthe case where home blood pressure is very variable.
a. In the case where white coat hypertension is not defined by the variable home blood pressure.
b. In the case where masked hypertension is not defined by the variable home blood pressure.
c. In the case who is suspected of work site hypertension but who can not obtain

self-measurement of blood pressure in the work site.

d. Inthe case when resistant hypertension is not defined on the basis of home blood pressure.

e. In the case who is suspected of having nocturnal hypertension, non-dipper, and riser but
‘who can not measure nocturnal blood pressure by the home monitoring device

4. Inthe case when short-term blood pressure variability is objective.
a. In the case when incidental and transient hypertension or hypotension is suspected.
b. In the case where home blood pressure and/or clinic blood pressure is very variable.

Figure 1 Scheme for the evaluation of hypertension. In Japan, home blood
pressure (HBP) is measured spontaneously without instruction by a health
professional. Many subjects are aware of their high blood pressure before a
diagnosis of hypertension at clinic (screening phase; route a). At clinic,
almost all subjects suspected of having hypertension are recommended to
measure HBP (route b). When the diagnosis of hypertension is not
consistent between clinic blood pressure (CBP) and HBP, the diagnosis
based on HBP has priority over that based on CBP. Ambulatory blood
pressure monitoring (ABPM) may be used, if available, when home blood
pressure monitoring (HBPM) cannot provide a definite diagnosis of
hypertension (route c). If patients do not have a HBPM device, diagnosis by
ABPM, if available, would have priority for the diagnosis of hypertension
(route d); however, this situation is relatively rare because ABPM devices
are not distributed widely in the primary care center. In such a case, the
purchase of HBPM devices by patients should be strongly suggested or
HBPM devices should be lent to patients by a primary care center for a
certain period to diagnosis and manage hypertension.

Hypertension Research

on HBPM. However, space does not permit us to include these
considerations in this report.

Perspective

According to the present general survey of HBPM, ABPM and CBPM,
the superiority of HBPM over ABPM and CBPM is apparent from
almost all practical and clinical research perspectives. Although the
use of ABPM has a certain contribution for the diagnosis and
treatment of hypertension, the widespread diffusion of this approach
to daily practice is limited by the low acceptability, low tolerability,
high cost, low reproducibility and low reliability.

The general agreement is that HBPM should be used in all
subjects with BP considerations.!3®> Because HBPM is applicable to
the non-hypertensive population as well, the use of HBPM in the
initial screening of subjects with possible hypertension or with
normotension is promising. HBPM provides information
simultaneously on white-coat hypertension, the white-coat effect,
masked hypertension and masked resistant hypertension while the
treatment of hypertension proceeds. These advantages of HBPM are
assured by high reproducibility, reliability, practicality and low costs.
These characteristics of HBPM indicate that this method is the model
for the diagnosis of hypertension and for short-term and long-term
monitoring of the response to antihypertensive treatment in daily
practice.

The European Society of Hypertension guidelines suggest the
evaluation of resistant hypertension for the potential indication of
HBPM in all patients receiving antihypertensive medication, to
improve compliance and adherence and to improve the hypertension
control rate.” The phrases ‘all potentially hypertensive subjects’ or
even more widely ‘all population for screening’ of hypertension
should be added as a potential indication of HBPM. A recent Japanese
health examination for the general population has introduced HBPM
for the screening of hypertension. The flow-chart for diagnosis of
hypertension on the basis of several BP measurement methods is
proposed (Figure 1).

HBPM should not be assigned a supporting role but rather should
be the leading actor for the management of hypertension.

CONFLICT OF INTEREST

YI received lecturing fees and research support from Astellas, AstraZeneca,
Daiichi Sankyo, Dainippon-Sumitomo, Merck Sharpe and Dohme, Novartis,
Pfizer, Takeda and Tanabe-Mistubishi. TO received lecturing fees from Astellas,
AstraZeneca, Daiichi Sankyo, Dainippon-Sumitomo, Kyowa Hakko Kirin,
Merck Sharpe and Dohme, Novartis, Pfizer, Takeda and Tanabe-Mitsubishi.
Omron Healthcare gave research support to YL

ACKNOWLEDGEMENTS

This study was supported, in part, by Grants for Scientific Research (18390192,
18590587, 19590929, 19790423, 20590629, 21390201, 21591016, 22590767,
22790556 and 23249036) from the Ministry of Education, Culture, Sports,
Science and Technology, Japan; Grants-in-Aid (H18-Junkankitou[Seishuu]-
Ippan-012, H20-Junkakitou[Seishuu]-Ippan-009, 013 and H23-
Junkakitou[Seishuu]-Ippan-005) from the Ministry of Health, Labor and
Welfare, Health and Labor Sciences Research Grants, Japan; Grant-in-Aid
for Japan Society for the Promotion of Science fellows (18.54042, 19.7152,
20.7198, 20.7477 and 20.54043); Health Science Research grants and Medical
Technology Evaluation Research grants from the Ministry of Health, Labor,
and Welfare, Japan; Japan Atherosclerosis Prevention Fund; and Biomedical
Innovation grants.



10

11

12

13

14

15

16

17

18

19

20

Ogihara T, Kikuchi K, Matsuoka H, Fujita T, Higaki J, Horiuchi M, Imai Y, Imaizumi T,
Ito S, Iwao H, Kario K, Kawano Y, Kim-Mitsuyama S, Kimura G, Matsubara H,
Matsuura H, Naruse M, Saito |, Shimada K, Shimamoto K, Suzuki H, Takishita S,
Tanahashi N, Tsuchihashi T, Uchiyama M, Ueda S, Ueshima H, Umemura S,
Ishimitsu T, Rakugi H, on behalf of The Japanese Society of Hypertension Committee.
The Japanese Society of Hypertension guidelines for the management of hypertension
(JSH 2009). Hypertens Res 2009; 32: 3-107.

Imai Y, Otsuka K, Kawano Y, Shimada K, Hayashi H, Tochikubo O, Miyakawa M,
Fukiyama K. Japanese Society of Hypertension. Japanese Society of Hypertension
(JSH) guidelines for self-monitoring of blood pressure at home. Hypertension 2003;
26: 771-782.

Imai Y, Kario K, Shimada K, Kawano Y, Hasebe N, Matsuura H, Tsuchihashi T,
Ohkubo T, Kuwajima |, Miyakawa M. The Japanese Society of Hypertension guidelines
for self-monitoring of blood pressure at home (second edition). Hypertens Res 2012;
35: 777-795.

Shirasaki O, Terada H, Niwano K, Nakanishi T, Kanai M, Miyawaki Y, Souma T, Tanaka
T, Kusunoki T. The Japan Home-health Apparatus Industrial Association: investigation
of home-use electronic sphygmomanometers. Blood Press Monit 2001; 6: 303-307.
Obara T, Ohkubo T, Kikuya M, Fukunaga H, Murai H, Asayama K, Metoki H,
Hashimoto J, Totsune K, Imai Y. The present situation of home blood pressure
measurements in Japan: a patients’ survey. J Blood Press (Ketsuatsu) 2006; 13:
447-454.,

Obara T, Ohkubo T, Fukunaga H, Kobayashi M, Satoh M, Metoki H, Asayama K, Inoue
R, Kikuya M, Mano N, Miyakawa M, Imai Y. Practice and awareness of physicians
regarding home blood pressure measurement in Japan. Hypertens Res 2010; 33:
428-434.,

Parati G, Stergiou GS, Asmar R, Bilo G, de Leeuw P, Imai Y, Kario K, Lurbe E, Manolis
A, Mengden T, O'Brien E, Ohkubo T, Padfield P, Palatini P, Pickering T, Redon J,
Revera M, Ruilope LM, Shennan A, Staessen JA, Tisler A, Waeber B, Zanchetti A,
Mancia GESH Working Group on Blood Pressure Monitoring. European Society of
Hypertension guidelines for blood pressure monitoring at home: a summary report of
the Second International Consensus Conference on Home Blood Pressure Monitoring.
J Hypertens 2008; 26: 1505-1526.

Pickering TG, Miller NH, Ogedegbe G, Krakoff LR, Artinian NT, Goff DAmerican Heart
Association; American Society of Hypertension; Preventive Cardiovascular Nurses
Association. Call to action on use and reimbursement for home blood pressure
monitoring: executive summary: a joint scientific statement from the American Heart
Association, American Society Of Hypertension, and Preventive Cardiovascular
Nurses Association. Hypertension 2008; 52: 1-9.

Chobanian AV, Bakris GL, Black HR, Cushman WC, Green LA, Izzo JL Jr, Jones DW,
Materson BJ, Oparil S, Wright JT Jr, Roccella EJNational Heart, Lung, and Blood
Institute Joint National Committee on Prevention, Detection, Evaluation, and
Treatment of High Blood Pressure; National High Blood Pressure Education Program
Coordinating Committee. The Seventh Report of the Joint National Committee on
Prevention, Detection, Evaluation, and Treatment of High Blood Pressure: the JNC 7
report. JAMA 2003; 289: 2560-2572.

Mancia G, De Backer G, Dominiczak A, Cifkova R, Fagard R, Germano G, Grassi G,
Heagerty AM, Kjeldsen SE, Laurent S, Narkiewicz K, Ruilope L, Rynkiewicz A,
Schmieder RE, Boudier HA, Zanchetti AESH-ESC Task Force on the Management of
Arterial Hypertension. 2007 ESH-ESC Practice Guidelines for the Management of
Arterial Hypertension: ESH-ESC Task Force on the Management of Arterial Hyperten-
sion. J Hypertens 2007; 25: 1751-1762.

National Institute for Health and Clinical Excellence. Hypertension: clinical manage-
ment of primary hypertension in adults (update). (clinical guideline 127) 2011.
Julius S. Home blood pressure monitoring: advantages and limitations. J Hypertens
Suppl 1991; 9: S41-S46.

Pickering TG. Blood pressure measurement and detection of hypertension. Lancet
1994, 344: 31-35.

Imai Y, Satoh H, Nagai K, Sakuma M, Sakuma H, Minami N, Munakata M, Hashimoto
J, Yamagishi T, Watanabe N, Yabe T, Nishiyama A, Nakatsuka H, Koyama H, Abe K.
Characteristics of a community-based distribution of home blood pressure in
Ohasama in northern Japan. J Hypertens 1993; 11: 1441-1449.

Imai Y, Nagai K, Sakuma M, Sakuma H, Nakatsuka H, Satoh H, Minami N, Munakata
M, Hashimoto J, Yamagishi T, Watanabe N, Yabe T, Nishiyama A, Abe K. Ambulatory
blood pressure of adults in Ohasama, Japan. Hypertension 1993; 22: 900-912.
Asayama K, Ohkubo T, Metoki H, Obara T, Inoue R, Kikuya M, Thijs L, Staessen JA,
Imai Y. Cardiovascular outcomes in the first trial of antihypertensive therapy guided by
self-measured home blood pressure. Hypertens Res 2012; 35: 1102-1110.
O'Brien E, Asmar R, Beilin L, Imai Y, Mallion JM, Mancia G, Mengden T, Myers M,
Padfield P, Palatini P, Parati G, Pickering T, Redon J, Staessen J, Stergiou G,
Verdecchia PEuropean Society of Hypertension Working Group on Blood Pressure
Monitoring. European Society of Hypertension recommendations for conventional,
ambulatory and home blood pressure measurement. J Hypertens 2003; 21:
821-848. 2012:26.

Bosworth HB, Olsen MK, Grubber JM, Neary AM, Orr MM, Powers BJ, Adams MB,
Svetkey LP, Reed SD, Li Y, Dolor RJ, Oddone EZ. Two self-management interventions
to improve hypertension control: a randomized trial. Ann Intern Med 2009; 151:
687-695.

Stahl SM, Kelley CR, Neill PJ, Grim CE, Mamlin J. Effects of home blood pressure
measurement on long-term BP control. Am J Public Health 1984; 74: 704-709.
Baguet JP, Mallion JM. Self-monitoring of blood pressure should be used in clinical
trials. Blood Press Monit 2002; 7: 55-59.

Home blood pressure measurements in Japan
Y Imai et al

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

Lambert-Kerzner A, Havranek EP, Plomondon ME, Albright K, Moore A, Gryniewicz K,
Magid D, Ho PM. Patients’ perspectives of a multifaceted intervention with a focus on
technology: a qualitative analysis. Circ Cardiovasc Qual Outcomes 2010; 3:
668-674.

Halme L, Vesalainen R, Kaaja M, Kantola IHome Measurement of blood pressure
study group. Self-monitoring of blood pressure promotes achievement of blood
pressure target in primary health care. Am J Hypertens 2005; 18: 1415-1420.
Julius S, Jamerson K, Mejia A, Krause L, Schork N, Jones K. The association of
borderline hypertension with target organ changes and higher coronary risk. Tecumseh
Blood Pressure study. JAMA 1990; 264: 354-358.

Imai Y, Ohkubo T, Sakuma M, Tsuji Il, Satoh H, Nagai K, Hisamichi S, Abe K.
Predictive power of screening blood pressure, ambulatory blood pressure and blood
pressure measured at home for overall and cardiovascular mortality: a prospective
observation in a cohort from Ohasama, northern Japan. Blood Press Monit 1996; 1:
251-254.

Ohkubo T, Imai Y, Tsuji |, Nagai K, Kato J, Kikuchi N, Nishiyama A, Aihara A, Sekino
M, Kikuya M, Ito S, Satoh H, Hisamichi S. Home blood pressure measurement has a
stronger predictive power for mortality than does screening blood pressure measure-
ment: a population-based observation in Ohasama, Japan. J Hypertens 1998; 16:
971-975.

Okumiya K, Matsubayashi K, Wada T, Fujisawa M, Osaki Y, Doi Y, Yasuda N, Ozawa
TA. U-shaped association between home systolic blood pressure and four-year
mortality in community-dwelling older men. J Am Geriatr Soc 1999; 47:
1415-1421.

Bobrie G, Genés N, Vaur L, Clerson P, Vaisse B, Mallion JM, Chatellier G. Is "isolated
home" hypertension as opposed to "isolated office" hypertension a sign of greater
cardiovascular risk? Arch Intern Med 2001; 161: 2205-2211.

Bobrie G, Chatellier G, Genes N, Clerson P, Vaur L, Vaisse B, Menard J, Mallion JM.
Cardiovascular prognosis of "masked hypertension" detected by blood pressure self-
measurement in elderly treated hypertensive patients. JAMA 2004; 291:
1342-1349.

Sega R, Facchetti R, Bombelli M, Cesana G, Corrao G, Grassi G, Mancia G. Prognostic
value of ambulatory and home blood pressures compared with office blood pressure in
the general population: follow-up results from the Pressioni Arteriose Monitorate
e Loro Associazioni (PAMELA) study. Circulation 2005; 111: 1777-1783.

Fagard RH, Van Den Broeke C, De Cort P. Prognostic significance of blood pressure
measured in the office, at home and during ambulatory monitoring in older patients in
general practice. J Hum Hypertens 2005; 19: 801-807.

Shimada K, Fujita T, Ito S, Naritomi H, Ogihara T, Shimamoto K, Tanaka H, Yoshiike
N. The importance of home blood pressure measurement for preventing stroke and
cardiovascular disease in hypertensive patients: a sub-analysis of the Japan
Hypertension Evaluation with Angiotensin Il Antagonist Losartan Therapy (J-HEALTH)
study, a prospective nationwide observational study. Hypertens Res 2008; 31:
1903-1911.

Niiranen TJ, Hanninen MR, Johansson J, Reunanen A, Jula AM. Home-measured
blood pressure is a stronger predictor of cardiovascular risk than office blood pressure:
the Finn-Home study. Hypertension 2010; 55: 1346-1351.

Stergiou GS, Baibas NM, Kalogeropoulos PG. Cardiovascular risk prediction based
on home blood pressure measurement: the Didima study. J Hypertens 2007; 25:
1590-1596.

Verdecchia P, Angeli F, Mazzotta G, Gentile G, Reboldi G. Home blood pressure
measurements will or will not replace 24-hour ambulatory blood pressure measure-
ment. Hypertension 2009; 54: 188-195.

Yasui D, Asayama K, Ohkubo T, Kikuya M, Kanno A, Hara A, Hirose T, Obara T, Metoki
H, Inoue R, Totsune K, Hoshi H, Satoh H, Imai Y. Stroke risk in treated hypertension
based on home blood pressure: the Ohasama study. Am J Hypertens 2010; 23:
508-514.

Stergiou GS, Parati G. Home blood pressure monitoring may make office measure-
ments obsolete. J Hypertens 2012; 30: 463-465.

Marquez-Contreras E, Martell-Claros N, Gil-Guillén V, de la Figuera-Von Wichmann M,
Casado-Martinez JJ, Martin-de Pablos JL, Figueras M, Galera J, Serra ACompliance
Group of the Spanish Society of Hypertension (SEE). Efficacy of a home blood
pressure monitoring programme on therapeutic compliance in hypertension: the
EAPACUM-HTA study. J Hypertens 2006; 24: 169-175.

Stergiou GS, Bliziotis IA. Home blood pressure monitoring in the diagnosis and
treatment of hypertension: a systematic review. Am J Hypertens 2011; 24: 123-134.
Vetter W, Hess L, Brignoli R. Influence of self-measurement of blood pressure on the
responder rate in hypertensive patients treated with losartan: results of the SVATCH
Study. Standard vs Automatic Treatment Control of COSAAR in Hypertension. J Hum
Hypertens 2000; 14: 235-241.

Verberk WJ, Kroon AA, Lenders JW, Kessels AG, van Montfrans GA, Smit AJ, van der
Kuy PH, Nelemans PJ, Rennenberg RJ, Grobbee DE, Beltman FW, Joore MA,
Brunenberg DE, Dirksen C, Thien T, de Leeuw PWHome Versus Office Measurement,
Reduction of Unnecessary Treatment Study Investigators. Self-measurement of blood
pressure at home reduces the need for antihypertensive drugs: a randomized,
controlled trial. Hypertension 2007; 50: 1019-1025.

Tobe SW, Hunter K, Geerts R, Raymond N, Pylypchuk GCanadian Hypertension
Society. IMPPACT: Investigation of Medical Professionals and Patients Achieving
Control Together. Can J Cardiol 2008; 24: 205-208.

Valderrama AL, Tong X, Ayala C, Keenan NL. Prevalence of self-reported hypertension,
advice received from health care professionals, and actions taken to reduce blood
pressure among US adults—HealthStyles, 2008. J Clin Hypertens 2010; 12:
784-792.

669

Hypertension Research



o

Home blood pressure measurements in Japan
Y Imai et al

670

43

44

45
46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

The World Hypertension League. Self-measurement of blood pressure: a statement by
the World Hypertension League. J Hypertens 1988; 6: 257-261.

Hozawa A, Shimazu T, Kuriyama S, Tsuji |. Benefit of home blood pressure
measurement after a finding of high blood pressure at a community screening.
J Hypertens 2006; 24: 1265-1271.

Jones DW, Peterson ED. Improving hypertension control rates: technology, people, or
systems? JAMA 2008; 299: 2896-2898.

Carnahan JE, Nugent CA. The effects of self-monitoring by patients on the control of
hypertension. Am J Med Sci 1975; 269: 69-73.

Hond ED, Celis H, Fagard R, Keary L, Leeman M, O'Brien E, Vandenhoven G,
Staessen JATHOP investigators. Self-measured versus ambulatory blood pressure in
the diagnosis of hypertension. J Hypertens 2003; 21: 717-722.

Ogbuokiri JE. Self-monitoring of blood pressures in hypertensive subjects and its
effects on patient compliance. Drug Intell Clin Pharm 1980; 14: 424-427.
Friedman RH, Kazis LE, Jette A, Smith MB, Stollerman J, Torgerson J, Carey K. A
telecommunications system for monitoring and counseling patients with hyperten-
sion. Impact on medication adherence and blood pressure control. Am J Hypertens
1996; 9: 285-292.

Ashida T, Sugiyama T, Okuno S, Ebihara A, Fujii J. Relationship between home blood
pressure measurement and medication compliance and name recognition of anti-
hypertensive drugs. Hypertens Res 2000; 23: 21-24.

Ogedegbe G, Schoenthaler A. A systematic review of the effects of home blood
pressure monitoring on medication adherence. J Clin Hypertens 2006; 8: 174-180.
Edmonds D, Foerster E, Groth H, Greminger P, Siegenthaler W, Vetter W. Does self-
measurement of blood pressure improve patient compliance in hypertension?
J Hypertens Suppl 1985; 3: S31-S34.

Agarwal R, Bills JE, Hecht TJ, Light RP. Role of home blood pressure monitoring in
overcoming therapeutic inertia and improving hypertension control: a systematic
review and meta-analysis. Hypertension 2011; 57: 29-38.

Parati G, Omboni S, Bilo G. Why is out-of-office blood pressure measurement needed?
Home blood pressure measurements will increasingly replace ambulatory blood
pressure monitoring in the diagnosis and management of hypertension. Hypertension
2009; 54: 181-187.

Donner-Banzhoff N, Chan Y, Szalai JP, Hilditch J. "Home hypertension’: exploring the
inverse white coat response. Br J Gen Pract 1998; 48: 1491-1495.

Prasad N, MacFadyen RJ, Ogston SA, MacDonald TM. Elevated blood pressure during
the first two hours of ambulatory blood pressure monitoring: a study comparing
consecutive twenty-four-hour monitoring periods. J Hypertens 1995; 13: 291-295.
Imai Y, Ohkubo T, Hozawa A, Tsuji |, Matsubara M, Araki T, Chonan K, Kikuya M,
Satoh H, Hisamichi S, Nagai K. Usefulness of home blood pressure measurements in
assessing the effect of treatment in a single-blind placebo-controlled open trial.
J Hypertens 2001; 19: 179-185.

Vaur L, Dubroca II, Dutrey-Dupagne C, Genés N, Chatellier G, Bouvier-d'Yvoire M,
Elkik F, Ménard J. Superiority of home blood pressure measurements over office
measurements for testing antihypertensive drugs. Blood Press Monit 1998; 3:
107-114.

Mengden T, Schwartzkopff B, Strauer BE. What is the value of home (self) blood
pressure monitoring in patients with hypertensive heart disease? Am J Hypertens
1998; 11: 813-819.

Myers MG. Self-measurement of blood pressure at home: the potential for reporting
bias. Blood Press Monit 1998; 3 (Suppl 1), S19-S22.

Zarnke KB, Feagan BG, Mahon JL, Feldman RDA. randomized study comparing a
patient-directed hypertension management strategy with usual office-based care. Am
J Hypertens 1997; 10: 58-67.

Bobrie G, Postel-Vinay N, Delonca J, Corvol PSETHI Investigators. Self-measurement
and self-titration in hypertension: a pilot telemedicine study. Am J Hypertens 2007;
20: 1314-1320.

McManus RJ, Mant J, Bray EP, Holder R, Jones MI, Greenfield S, Kaambwa B,
Banting M, Bryan S, Little P, Williams B, Hobbs FD. Telemonitoring and self-
management in the control of hypertension (TASMINH2): a randomised controlled
trial. Lancet 2010; 376: 163-172.

Kobayashi M, Obara T, Ohkubo T, Fukunaga H, Satoh M, Metoki H, Asayama K, Inoue
R, Kikuya M, Mano N, Miyakawa M, Imai Y. Practice and awareness of physicians
regarding casual-clinic blood pressure measurement in Japan. Hypertens Res 2010;
33: 960-964.

American National Standard. Electronic for manual, electronic, or automated
sphygmomanometers. Association for the Advancement of Medical Instrumentation.
1110N, Glebe Rode, Suite 220 Arlington, Va22201-4795 2003.

O'Brien E, Pickering T, Asmar R, Myers M, Parati G, Staessen J, Mengden T, Imai Y,
Waeber B, Palatini P, Gerin WWorking Group on Blood Pressure Monitoring of the
European Society of Hypertension. Working Group on Blood Pressure Monitoring of
the European Society of Hypertension International Protocol for validation of blood
pressure measuring devices in adults. Blood Press Monit 2002; 7: 3-17.

Masding MG, Jones JR, Bartley E, Sandeman DD. Assessment of blood pressure in
patients with type 2 diabetes: comparison between home blood pressure monitoring,
clinic blood pressure measurement and 24-h ambulatory blood pressure monitoring.
Diabet Med 2001; 18: 431-437.

Mejia AD, Julius S, Jones KA, Schork NJ, Kneisley J. The Tecumseh Blood Pressure
Study. Normative data on blood pressure self-determination. Arch Intern Med 1990;
150: 1209-1213.

Rave K, Bender R, Heise T, Sawicki PT. Value of blood pressure self-monitoring
as a predictor of progression of diabetic nephropathy. J Hypertens 1999; 17:
597-601.

Hypertension Research

70

71

72

73

74
75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

Agarwal R, Andersen MJ. Prognostic importance of clinic and home blood pressure
recordings in patients with chronic kidney disease. Kidney Int 2006; 69: 406-411.
Obara T, Ohkubo T, Funahashi J, Kikuya M, Asayama K, Metoki H, Oikawa T,
Hashimoto J, Totsune K, Imai Y. Isolated uncontrolled hypertension at home and in
the office among treated hypertensive patients from the J-HOME study. J Hypertens
2005; 23: 1653-1660.

Metoki H, Ohkubo T, Watanabe Y, Nishimura M, Sato Y, Kawaguchi M, Hara A, Hirose
T, Obara T, Asayama K, Kikuya M, Yagihashi K, Matsubara Y, Okamura K, Mori S,
Suzuki M, Imai YBOSHI Study Group. Seasonal trends of blood pressure
during pregnancy in Japan: the babies and their parents’ longitudinal observation
in Suzuki Memorial Hospital in Intrauterine Period study. J Hypertens 2008; 26:
2406-2413.

Mancia G, Omboni S, Parati G, Trazzi S, Mutti E. Limited reproducibility of hourly
blood pressure values obtained by ambulatory blood pressure monitoring: implica-
tions for studies on antihypertensive drugs. J Hypertens 1992; 10: 1531-1535.
Pickering TG. Morning hypertension. J Clin Hypertens 2007; 9: 224-228.

Chonan K, Hashimoto J, Ohkubo T, Tsuji |, Nagai K, Kikuya M, Hozawa A, Matsubara
M, Suzuki M, Fujiwara T, Araki T, Satoh H, Hisamichi S, Imai Y. Insufficient duration
of action of antihypertensive drugs mediates high blood pressure in the morning in
hypertensive population: the Ohasama study. Clin Exp Hypertens 2002; 24:
261-275.

Asayama K, Ohkubo T, Kikuya M, Obara T, Metoki H, Inoue R, Hara A, Hirose T, Hoshi
H, Hashimoto J, Totsune K, Satoh H, Imai Y. Prediction of stroke by home "morning"
versus "evening" blood pressure values: the Ohasama study. Hypertension 2006; 48:
737-743.

Eguchi K, Matsui Y, Shibasaki S, Hoshide S, Kabutoya T, Ishikawa J, Ishikawa S,
Shimada K, Kario KJapan Morning Surge-1 (JMS-1) Study Group. Controlling evening
BP as well as morning BP is important in hypertensive patients with prediabetes/
diabetes: the JMS-1 study. Am J Hypertens 2010; 23: 522-527.

Imai Y, Hozawa A, Ohkubo T, Tsuji I, Yamaguchi J, Matsubara M, Michimata H,
Hashimoto J, Fujiwara T, Nagai K, Kitaoka H, Satho H, Hisamichi S. Predictive values
of automated blood pressure measurement: what can we learn from the Japanese
population—the Ohasama Study. Blood Press Monit 2001; 6: 335-339.

Wizner B, Dechering DG, Thijs L, Atkins N, Fagard R, O'Brien E, de Leeuw PW, Parati
G, Palatini P, Clement D, Grodzicki T, Kario K, Staessen JA. Short-term and long-term
repeatability of the morning blood pressure in older patients with isolated systolic
hypertension. J Hypertens 2008; 26: 1328-1335.

Boggia J, Li Y, Thijs L, Hansen TW, Kikuya M, Bjérklund-Bodegard K, Richart T,
Ohkubo T, Kuznetsova T, Torp-Pedersen C, Lind L, Ibsen H, Imai Y, Wang J, Sandoya
E, O'Brien E, Staessen JAlnternational Database on Ambulatory blood pressure
monitoring in relation to Cardiovascular Outcomes (IDACO) investigators. Prognostic
accuracy of day versus night ambulatory blood pressure: a cohort study. Lancet 2007;
370: 1219-1229.

Chonan K, Kikuya M, Araki T, Fujiwara T, Suzuki M, Michimata M, Hashimoto J,
Ohkubo T, Hozawa A, Yamamoto N, Miyawaki Y, Matsubara M, Imai Y. Device for the
self-measurement of blood pressure that can monitor blood pressure during sleep.
Blood Press Monit 2001; 6: 203-205.

Hosohata K, Kikuya M, Ohkubo T, Metoki H, Asayama K, Inoue R, Obara T, Hashimoto
J, Totsune K, Hoshi H, Satoh H, Imai Y. Reproducibility of nocturnal blood pressure
assessed by self-measurement of blood pressure at home. Hypertens Res 2007; 30:
707-712.

Ishikawa J, Hoshide S, Eguchi K, Ishikawa S, Shimada K, Kario Kfor the Japan
Morning Surge-Home Blood Pressure Study Investigators Group. Nighttime home
blood pressure and the risk of hypertensive target organ damage. Hypertension 2012;
60: 921-928.

Kario K, Hoshide S, Shimizu M, Yano Y, Eguchi K, Ishikawa J, Ishikawa S, Shimada
K. Effect of dosing time of angiotensin Il receptor blockade titrated by self-measured
blood pressure recordings on cardiorenal protection in hypertensives: the Japan
Morning Surge-Target Organ Protection (J-TOP) study. J Hypertens 2010; 28:
1574-1583.

Stergiou GS, Tzamouranis D, Nasothimiou EG, Karpettas N, Protogerou A. Are there
really differences between home and daytime ambulatory blood pressure? Comparison
using a novel dual-mode ambulatory and home monitor. J Hum Hypertens 2010; 24:
207-212.

Nakano H, Kikuya M, Hara A, Nakashita M, Hirose T, Obara T, Metoki H, Inoue R,
Asayama K, Ohkubo T, Totsune K, Imai Y. Self-monitoring of ambulatory blood
pressure by the Microlife WatchBP O3—an application test. Clin Exp Hypertens
2011; 33: 34-40.

Pickering TG, Davidson K, Gerin W, Schwartz JE. Masked hypertension. Hypertension
2002; 40: 765-796.

Nagai K, Imai Y, Tsuji |, Ohkubo T, Sakuma M, Watanabe N, Kato J, Kikuchi N,
Nishiyama A, Sekino M, Itoh O, Satoh H, Hisamichi S, Abe K. Prevalence of
hypertension and rate of blood pressure control as assessed by home blood pressure
measurements in a rural Japanese community, Ohasama. Clin Exp Hypertens 1996;
18: 713-728.

Denolle T, Waeber B, Kjeldsen S, Parati G, Wilson M, Asmar R. Self-measurement of
blood pressure in clinical trials and therapeutic applications. Blood Press Monit
2000; 5: 145-149.

Oikawa T, Obara T, Ohkubo T, Kikuya M, Asayama K, Metoki H, Komai R, Murai K,
Hashimoto J, Totsune K, Imai YJ-HOME Study Group. Characteristics of
resistant hypertension determined by self-measured blood pressure at home and
office blood pressure measurements: the J-HOME study. J Hypertens 2006; 24:
1737-1743.



91 Nasothimiou EG, Tzamouranis D, Roussias LG, Stergiou GS. Home versus ambulatory
blood pressure monitoring in the diagnosis of clinic resistant and true resistant
hypertension. J Hum Hypertens 2011; 26: 696-700.

92 Palatini P, Dorigatti F, Roman E, Giovinazzo P, Piccolo D, De Venuto G, Mattarei M,
Cozzutti E, Gregori S, Mormino P, Pessina AC. White-coat hypertension: a selection
bias? Harvest Study Investigators. Hypertension and Ambulatory Recording Venetia
Study. J Hypertens 1998; 16: 977-984.

93 Mancia G, Facchetti R, Bombelli M, Grassi G, Sega R. Long-term risk of mortality
associated with selective and combined elevation in office, home, and ambulatory
blood pressure. Hypertension 2006; 47: 846-853.

94  Ugajin T, Hozawa A, Ohkubo T, Asayama K, Kikuya M, Obara T, Metoki H, Hoshi H,
Hashimoto J, Totsune K, Satoh H, Tsuji I, Imai Y. White-coat hypertension as a risk
factor for the development of home hypertension: the Ohasama study. Arch Intern
Med 2005; 165: 1541-1546.

95 Mancia G, Bombelli M, Facchetti R, Madotto F, Quarti-Trevano F, Polo Friz H, Grassi
G, Sega R. Long-term risk of sustained hypertension in white-coat or masked
hypertension. Hypertension 2009; 54: 226-232.

96 Rothwell PM, Howard SC, Dolan E, O'Brien E, Dobson JE, Dahléf B, Sever PS, Poulter
NR. Prognostic significance of visit-to-visit variability, maximum systolic blood
pressure, and episodic hypertension. Lancet 2010; 375: 895-905.

97 Kikuya M, Hozawa A, Ohokubo T, Tsuji |, Michimata M, Matsubara M, Ota M, Nagai
K, Araki T, Satoh H, Ito S, Hisamichi S, Imai Y. Prognostic significance of blood
pressure and heart rate variabilities: the Ohasama study. Hypertension 2000; 36:
901-906.

98 Kikuya M, Ohkubo T, Metoki H, Asayama K, Hara A, Obara T, Inoue R, Hoshi H,
Hashimoto J, Totsune K, Satoh H, Imai Y. Day-by-day variability of blood pressure and
heart rate at home as a novel predictor of prognosis: the Ohasama study. Hypertension
2008; 52: 1045-1050.

99 Johansson JK, Niiranen TJ, Puukka PJ, Jula AM. Prognostic value of the variability in
home-measured blood pressure and heart rate: the Finn-Home Study. Hypertension
2012; 59: 212-218.

100 Ushigome E, Fukui M, Hamaguchi M, Senmaru T, Sakabe K, Tanaka M, Yamazaki M,
Hasegawa G, Nakamura N. The coefficient variation of home blood pressure is a novel
factor associated with macroalbuminuria in type 2 diabetes mellitus. Hypertens Res
2011; 34: 1271-1275.

101 Matsui Y, Ishikawa J, Eguchi K, Shibasaki S, Shimada K, Kario K. Maximum value of
home blood pressure: a novel indicator of target organ damage in hypertension.
Hypertension 2011; 57: 1087-1093.

102 Imai Y, Munakata M, Tsuji |, Ohkubo T, Satoh H, Yoshino H, Watanabe N, Nishiyama
A, Onodera N, Kato J, Sekino M, Aihara Am Saksai Y, Abe K. Seasonal variation in
blood pressure in normotensive women studied by home measurements. Clin Sci
(Lond) 1996; 90: 55-60.

103 Giles TD, Oparil S, Ofili EO, Pitt B, Purkayastha D, Hilkert R, Samuel R,
Sowers JR. The role of ambulatory blood pressure monitoring compared with clinic
and home blood pressure measures in evaluating moderate versus intensive
treatment of hypertension with amlodipine/valsartan for patients uncontrolled
on angiotensin receptor blocker monotherapy. Blood Press Monit 2011; 16:
87-95.

104 Ragot S, Genés N, Vaur L, Herpin D. Comparison of three blood pressure
measurement methods for the evaluation of two antihypertensive drugs: feasibility,
agreement, and reproducibility of blood pressure response. Am J Hypertens 2000;
13: 632-639.

105 Parati G, Stergiou GS, Asmar R, Bilo G, de Leeuw P, Imai Y, Kario K, Lurbe E, Manolis
A, Mengden T, O'Brien E, Ohkubo T, Padfield P, Palatini P, Pickering TG, Redon J,
Revera M, Ruilope LM, Shennan A, Staessen JA, Tisler A, Waeber B, Zanchetti A,
Mancia GESH Working Group on Blood Pressure Monitoring. European Society of
Hypertension practice guidelines for home blood pressure monitoring. J Hum
Hypertens 2010; 24: 779-785.

106 Kuwajima I, Imai Y, Shimada K, Abe K. Assessment of trough/peak ratio and
smoothness index as a marker of stable antihypertensive effect. Blood Press Monit
2001; 6 (Suppl 2), S35-S39.

107 Mengden T, Binswanger B, Spiihler T, Weisser B, Vetter W. The use of self-measured
blood pressure determinations in assessing dynamics of drug compliance in a study
with amlodipine once a day, morning versus evening. J Hypertens 1993; 11:
1403-1411.

108 Ménard J, Chatellier G, Day M, Vaur L. Self-measurement of blood pressure at home
to evaluate drug effects by the trough: peak ratio. J Hypertens Suppl 1994; 12:
S21-S25.

109 Hashimoto J, Chonan K, Aoki Y, Ugajin T, Yamaguchi J, Nishimura T, Kikuya M,
Michimata M, Matsubara M, Araki T, Hozawa A, Ohkubo T, Imai Y. Therapeutic effects
of evening administration of guanabenz and clonidine on morning hypertension:
evaluation using home-based blood pressure measurements. J Hypertens 2003; 21:
805-811.

110 Stergiou GS, Efstathiou SP, Skeva I, Baibas NM, Roussias LG, Mountokalakis TD.
Comparison of the smoothness index, the trough: peak ratio and the morning: evening
ratio in assessing the features of the antihypertensive drug effect. J Hypertens 2003;
21: 913-920.

111 Nishimura T, Hashimoto J, Ohkubo T, Kikuya M, Metoki H, Asayama K, Totsune K,
Imai Y. Efficacy and duration of action of the four selective angiotensin Il subtype 1
receptor blockers, losartan, candesartan, valsartan and telmisartan, in patients with
essential hypertension determined by home blood pressure measurements. Clin Exp
Hypertens 2005; 27: 477-489.

Home blood pressure measurements in Japan
Y Imai et al

112 Mashima K, Nakatsu T, Murakami T, Kusachi S, Tominaga Y, Yamane S, Uesugi T,
Mayumi E, Mitsuda T, Tsuji T. Exponential-exponential cosine fitting of blood pressure
decay induced by a long-acting calcium blocker, amlodipine, using home blood
pressure measurement. Clin Exp Hypertens 2003; 25: 145-154.

113 Metoki H, Ohkubo T, Kikuya M, Asayama K, Inoue R, Obara T, Hirose T, Sato M,
Hashimoto T, Imai YJ-HOME-AI Study group. The velocity of antihypertensive effect
of losartan/hydrochlorothiazide and angiotensin |l receptor blocker. J Hypertens
2012; 30: 1478-1486.

114 Vaur L, Bobrie G, Dutrey-Dupagne C, Dubroca |, Vaisse B, d'Yvoire MB, Elkik F,
Chatellier G, Menard J. Short-term effects of withdrawing angiotensin converting
enzyme inhibitor therapy on home self-measured blood pressure in hypertensive
patients. Am J Hypertens 1998; 11: 165-173.

115 Bray EP, Holder R, Mant J, McManus RJ. Does self-monitoring reduce blood pressure?
Meta-analysis with meta-regression of randomized controlled trials. Ann Med 2010;
42: 371-386.

116 Johnson AL, Taylor DW, Sackett DL, Dunnett CW, Shimizu AG. Self-recording of blood
pressure in the management of hypertension. Can Med Assoc J 1978; 119: 1034~
1039.

117 Mengden T, Béttig B, Vetter W. Self-measurement of blood pressure improves the
accuracy and reduces the number of subjects in clinical trials. J Hypertens Suppl!
1991; 9: S336-S337.

118 Tsuji I, Imai Y, Nagai K, Ohkubo T, Watanabe N, Minami N, Itoh O, Bando T, Sakuma
M, Fukao A, Satoh H, Hisamichi S, Abe K. Proposal of reference values for home
blood pressure measurement: prognostic criteria based on a prospective observation
of the general population in Ohasama, Japan. Am J Hypertens 1997; 10: 409-418.

119 Thijs L, Staessen JA, Celis H, de Gaudemaris R, Imai Y, Julius S, Fagard R. Reference
values for self-recorded blood pressure: a meta-analysis of summary data. Arch Intern
Med 1998; 158: 481-488.

120 Thijs L, Staessen JA, Celis H, Fagard R, De Cort P, de Gaudemaris R, Enstrém I, Imai
Y, Julius S, Ménard J, Mion D, Palatini P, Rosenfeld J, Shapiro D, Spence D, Stergiou
G. The international database of self-recorded blood pressures in normotensive and
untreated hypertensive subjects. Blood Press Monit 1999; 4: 77-86.

121 Guideline Subcommittee. 1999 World Health Organization_International Society of
Hypertension Guidelines for the Management of Hypertension. J Hypertens 1999;
17: 151-183.

122 Mancia G, Sega R, Bravi C, De Vito G, Valagussa F, Cesana G, Zanchetti A.
Ambulatory blood pressure normality: results from the PAMELA study. J Hypertens
1995; 13: 1377-1390.

123 Mancia G, De Backer G, Dominiczak A, Cifkova R, Fagard R, Germano G, Grassi G,
Heagerty AM, Kjeldsen SE, Laurent S, Narkiewicz K, Ruilope L, Rynkiewicz A,
Schmieder RE, Boudier HA, Zanchetti A, Vahanian A, Camm J, De Caterina R, Dean
V, Dickstein K, Filippatos G, Funck-Brentano C, Hellemans |, Kristensen SD,
McGregor K, Sechtem U, Silber S, Tendera M, Widimsky P, Zamorano JL, Erdine S,
Kiowski W, Agabiti-Rosei E, Ambrosioni E, Lindholm LH, Viigimaa M, Adamopoulos
S, Agabiti-Rosei E, Ambrosioni E, Bertomeu V, Clement D, Erdine S, Farsang C, Gaita
D, Lip G, Mallion JM, Manolis AJ, Nilsson PM, O'Brien E, Ponikowski P, Redon J,
Ruschitzka F, Tamargo J, van Zwieten P, Waeber B, Williams BManagement of Arterial
Hypertension of the European Society of Hypertension; European Society of
Cardiology. 2007 Guidelines for the Management of Arterial Hypertension: The Task
Force for the Management of Arterial Hypertension of the European Society of
Hypertension (ESH) and of the European Society of Cardiology (ESC). J Hypertens
2007; 25: 1105-1187.

124 Staessen JA, Thijs L, Ohkubo T, Kikuya M, Richart T, Boggia J, Adiyaman A,
Dechering DG, Kuznetsova T, Thien T, de Leeuw P, Imai Y, O’brien E, Parati G. Thirty
years of research on diagnostic and therapeutic thresholds for the self-measured
blood pressure at home. Blood Press Monit 2008; 13: 352-365.

125 Cooper R, Puras A, Tracy J, Kaufman J, Asuzu M, Ordunez P, Mufunda J, Sparks H.
Evaluation of an electronic blood pressure device for epidemiological studies. Blood
Press Monit 1997; 2: 35-40.

126 Padmanabhan S, Menni C, Lee WK, Laing S, Brambilla P, Sega R, Perego R, Grassi G,
Cesana G, Delles C, Mancia G, Dominiczak AF. The effects of sex and method of blood
pressure measurement on genetic associations with blood pressure in the PAMELA
study. J Hypertens 2010; 28: 465-477.

127 Watanabe Y, Metoki H, Ohkubo T, Katsuya T, Tabara Y, Kikuya M, Hirose T, Sugimoto
K, Asayama K, Inoue R, Hara A, Obara T, Nakura J, Kohara K, Totsune K, Ogihara T,
Rakugi H, Miki T, Imai Y. Accumulation of common polymorphisms is associated with
development of hypertension: a 12-year follow-up from the Ohasama study. Hypertens
Res 2010; 33: 129-134.

128 Watanabe Y, Metoki H, Ohkubo T, Hirose T, Kikuya M, Asayama K, Inoue R, Hara A,
Obara T, Hoshi H, Totsune K, Imai Y. Parental longevity and offspring’s home blood
pressure: the Ohasama study. J Hypertens 2010; 28: 272-277.

129 Krakoff LR. Cost-effectiveness of ambulatory blood pressure: a reanalysis. Hyperten-
sion 2006; 47: 29-34.

130 McGrath BPNational Blood Pressure Advisory Committee of the National Heart
Foundation of Australia. Ambulatory blood pressure monitoring. Med Aust 2002;
176: 588-592.

131 Funahashi J, Ohkubo T, Fukunaga H, Kikuya M, Takada N, Asayama K, Metoki H,
Obara T, Inoue R, Hashimoto J, Totsune K, Kobayashi M, Imai Y. The economic
impact of the introduction of home blood pressure measurement for the diagnosis and
treatment of hypertension. Blood Press Monit 2006; 11: 257-267.

132 Fukunaga H, Ohkubo T, Kobayashi M, Tamaki Y, Kikuya M, Obara T, Nakagawa M,
Hara A, Asayama K, Metoki H, Inoue R, Hashimoto J, Totsune K, Imai Y. Cost-

671

Hypertension Research



Home blood pressure measurements in Japan
Y Imai et al

o

672

effectiveness of the introduction of home blood pressure measurement in patients
with office hypertension. J Hypertens 2008; 26: 685-690.

133 Lovibond K, Jowett S, Barton P, Caulfield M, Heneghan C, Hobbs FD, Hodgkinson J,
Mant J, Martin U, Williams B, Wonderling D, McManus RJ. Cost-effectiveness of
options for the diagnosis of high blood pressure in primary care: a modelling study.
Lancet 2011; 378: 1219-1230.

134 Hara A, Tanaka K, Ohkubo T, Kondo T, Kikuya M, Metoki H, Hashimoto T, Satoh M,
Inoue R, Asayama K, Obara T, Hirose T, lzumi S, Satoh H, Imai Y. Ambulatory versus
home versus clinic blood pressure: the association with subclinical cerebrovascular
diseases: the Ohasama Study. Hypertension 2012; 59: 22-28.

135 Parati G, Pickering TG. Home blood-pressure monitoring: US and European
consensus. Lancet, 2009; 373: 876-878.

Supplementary Information accompanies the paper on Hypertension Research website (http://www.nature.com/hr)

Hypertension Research


http://www.nature.com/hr

	The reason why home blood pressure measurements are preferred over clinic or ambulatory blood pressure in Japan
	Introduction
	1. General characteristics of CBP, HBP and ABP
	Practicality
	Acceptability/tolerability
	Easy to repeat, easy to standardize, easy to track

	2. CBP, ABP and HBP from a clinical standpoint
	Accumulation of evidence
	Use in hypertensive and non-hypertensive subjects
	Shortcomings of HBPM
	Selection/reporting bias
	Self-management

	3. Technical issues of CBPM, ABPM and HBPM
	Systemic and observer bias of BP measurements
	Accuracy of devices
	Integrated circuit memory and related functions
	Instructions for patients

	4. Benefits of HBPM for the diagnosis of hypertension
	BP in the morning and morning hypertension
	BP in the evening
	BP at night during sleep and the morning surge
	Masked hypertension
	White-coat hypertension
	Blood pressure variability

	5. Differential feasibility of CBPM, ABPM and HBPM for the treatment of hypertension
	Benefit of HBPM for the treatment of hypertension
	Duration of action of antihypertensive drugs
	Trend of antihypertensive effects
	Compliance/adherence
	Operation threshold of HBP

	6. Application of the three BP measurements for clinical study
	7. Economic viewpoints of the three BP measurement methods
	Limitation of the review
	Perspective

	Acknowledgements
	Note
	References




