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Abstract
Accurate blood pressure measurement is the key procedure for the diagnosis and treatment of hypertension. In-office and out-
of-office blood pressure measurements both have advantages and weak points, and multifaceted blood pressure information in
individuals should be appropriately obtained and assessed. Validation of blood pressure measurement devices has long been
an important issue, and several consortiums have emerged to try address it. Clinical guidelines should meet the demands of
the region in which they are applied, and out-of-office measurements have been widely stated and recommended in the
recently published guidelines worldwide. Appropriate assessment of blood pressure should be performed routinely in order to
provide timely and accurate evidence regarding hypertension under any situation, including an unexpected pandemic.

Introduction

Accurate blood pressure measurement is the cornerstone of
the diagnosis and treatment of hypertension. Contrary to
expectation, the most preferable method cannot be settled
solely because it greatly depends on the condition of the
patient, the environment of the measurement space, and the
measurement device. Furthermore, a combination of blood
pressure information as well as regular, continual mea-
surement of blood pressure is also fundamental for appro-
priate management of blood pressure. In this review, we
provide an overview of the current topics on blood pressure
measurement, including automated office blood pressure
(AOBP) and validation of blood pressure measurement
devices, in relation to the recommendations in the most
recent guidelines [1–4] on hypertension.

Conventional “in-office” blood pressure

Conventional blood pressure, which is measured at an office
or in a screening setting by a sphygmomanometer, has been
used as the gold standard of blood pressure measurement
techniques regardless of the guidelines based on cumulative
evidence and common use in clinical practice. Although
variations in measurement conditions still exist, office blood
pressure should be measured after a few minutes [1]—3 [4],
5 [2], or >5 [3] min—of rest, twice [1, 3] or three times
[2, 4] and then these values should be averaged with special
conditions, as summarized in Table 1.

AOBP was initially defined as office blood pressure
measured by an automated device for multiple readings
(three times or more [5]), recorded automatically with the
patient under rest in an undisturbed quiet room in the
absence of an observer [5, 6]. Five minutes of rest in the
unattended setting before AOBP measurement has been
further used in many recent studies (Table 1) [7–9]. Stults
et al. raised concern about inhabitation of AOBP utilization
in real-world settings [10]; the AOBP including antecedent
rest time requires >10 min per person, which includes a few
minutes for preparation and clean up. The Hypertension
Canada 2018 Guidelines stated that AOBP may be per-
formed with no special period of rest [11]. However, as we
discussed in detail elsewhere [8], this statement can be
applied almost exclusively for measurement using BpTRU
(BpTRU Medical Devices, Coquitlam, Canada; the com-
pany ceased operations in 2017) which usually performs six
consecutive readings and averages two to six readings. The
discard of the first reading serves as the antecedent rest
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time, and it is fair to prepare a certain rest time before the
first measurement—5 min would be acceptable regarding
conventional measurement—when we average all the
measurement values. Whereas, a conventional office blood
pressure measurement also requires more than a few min-
utesʼ antecedent rest when faithfully based on recent
guidelines [1–4]. Although the antecedent rest time might
not be mandatory when systolic blood pressure level is
<130 mmHg [12], the amendment of the measurement
protocol according to the estimated values makes it difficult
to evaluate and compare the measurements among indivi-
duals. Furthermore, the consumption of office space in
addition to long measurement time reduces the feasibility of
AOBP [8]. We need at least one extra separate room with a
person in charge to manage the AOBP measurement and the
cost of the measurement is generally not reimbursed [8].

Recent studies reported that average levels of AOBP were
similar to the 24-h ambulatory blood pressure in a popula-
tion [9, 13]. However, we cannot conclude that AOBP can
alter the out-of-office measurement because the variation in
differences by individuals should not be ignored. Our
research group recently reported that there was a marked
variation in individuals between self-measured home blood
pressure and AOBP values, while average levels are almost
identical, as systolic blood pressure difference was
0.9 mmHg, with a 95% agreement limit of −34.0 to
35.8 mmHg (home blood pressure was measured in the
morning; adjusted correlation coefficients, 0.14; 95% con-
fidence intervals (CI), 0.03–0.25) [8]. These low correlations

and wide range of difference indicate that we cannot esti-
mate out-of-office blood pressure values by AOBP mea-
surements in individuals and vice versa, and AOBP cannot
be used as an alternative to home blood pressure [8].

Besides the white-coat observer effect by the presence of
medical staff [6], AOBP measurement is performed at a
clinic or in a screening setting where participants cannot be
fully relaxed like at their own home. Such a clinic effect still
affects in-office readings even based on AOBP [8]. Home
blood pressure has no clinic effect regardless of self-
measurement or observer measurement; however, partici-
pants can be affected by the observer effect during the latter
observer measurement of home blood pressure. The envir-
onmental condition can be cross-classified as shown in Fig. 1
[14]. Meanwhile, blood pressure might be increased by
arousal or by arm-cuff inflation [15]. In this respect, night-
time ambulatory blood pressure values during sleep, when
measurements are free from arousal and alerting reactions,
would have great prognostic ability for cardiovascular
complications [16]. Much still remains to be done for the
assessment of the wide variety of blood pressure conditions.

Ambulatory and home blood pressure

Self-measured home blood pressure and ambulatory blood
pressure monitoring are categorized as out-of-office blood
pressure, and they have more prognostic ability than con-
ventional in-office blood pressure [16–18]. Beyond its

Table 1 Office blood pressure measurement conditions using an automated device.

Items AOBP with
antecedent rest time

ACC/AHA 2017 [3] ESC/ESH 2018 [2] JSH 2019 [1] 2020 ISH [4]

Before the measurement

Rest period 5 min >5 min 5 min A few min 3–5 min

Medical staff Absent N/A (present) N/A (present) N/A (present) N/A (present)

Inspection the
measurement

No; instructed
before the start, and
left alone

All All All All

During the measurement

Interval 1 min 1–2 min 1–2 min 1–2 min 1 min

Medical staff Absent N/A (present) N/A (present) N/A (present) N/A (present)

Measurement times ≥3 ≥2 3; additionally 1 when the
first and second readings
differ by >10 mmHg

≥2; 3 when a person is a
child, or has arrhythmia
or other conditions

3, or 1 if the first
reading is <130/
85 mmHg

Average the readings All ≥2 readings obtained
on ≥2 occasions

The last 2 readings 2 readings with ≤5 mmHg
difference

The last 2 readings

Conditions are applicable for measurements using an automated device. The measurement condition of automated office blood pressure (AOBP)
was expanded from the original definitions to include 5 min antecedent time and average all the three measurements, which was used in the recent
studies [7–9]. JSH 2019, ACC/AHA 2017, ESC/ESH 2018, and 2020 ISH denote the Japanese Society of Hypertension Guidelines for the
Management of Hypertension (JSH 2019), the 2017 American College of Cardiology/American Heart Association Guidelines, the 2018 European
Society of Cardiology/European Society of Hypertension Guidelines, and the 2020 International Society of Hypertension Global Hypertension
Practice Guidelines, respectively.
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greater predictive power, home blood pressure can sub-
stantially refine conventional in-office blood pressure-based
risk stratification, particularly among those whose in-office
blood pressure levels are assumed to carry no or tiny
increased cardiovascular risk [19]; the utility of risk strati-
fication was also reported based on ambulatory blood
pressure values [20]. Our research group recently performed
participant-level meta-analysis based on 11,135 adults from
Europe, Asia, and South America who measured 24-h
ambulatory blood pressure [16]. Per 20 mmHg nighttime
systolic blood pressure increments, the multivariable-
adjusted hazard ratio for total mortality was 1.23 (95%
CI, 1.17–1.28) and for cardiovascular events was 1.36 (95%
CI, 1.30–1.43). Results were essentially similar when 24-h
ambulatory measurements were assessed. Furthermore,
even after adjustment for any of the other systolic blood
pressure indexes, e.g., daytime blood pressure, or in-office
conventional blood pressure or AOBP, both 24-h and
nighttime systolic blood pressures were significantly asso-
ciated with mortality and composite cardiovascular out-
come. Although the usefulness of in-office blood pressure

should not be underestimated with respect to identifying
white-coat and masked hypertension [19, 21], the useful-
ness of out-of-office blood pressure as a single source of
information would be unwavering. Meanwhile, it is fair to
note that we defined AOBP in that analysis [16] as the mean
of the ambulatory recordings during the first recording hour
because the monitors in that period were applied in a
medical environment. The measurement did not follow the
aforementioned AOBP criteria, and there is room for
investigating whether ambulatory blood pressure is superior
to AOBP under the defined measurement condition [5, 6].

Based on measurements under well-defined conditions, we
reported the current status of self-measured home blood pressure
among Japanese five cohorts [22]. According to the recent
Japanese guidelines (JSH 2019) [1], participants in the Modern
DAtabase on Self-measured home blood pressure (MDAS)
measured morning home blood pressure within 1 h of waking
before breakfast and taking antihypertensive medication if any,
after urination, and after a few minutes of rest in a sitting
position. They measured evening home blood pressure just
before going to bed after a few minutes of rest in a sitting
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Fig. 1 Cross-classification of
blood pressure measurement
conditions and effects. Out-
of-office blood pressure
measurements are presented in
the left panels (A, C), with in-
office measurements in the
right panels (B, D). During the
measurements, medical staff
are in attendance (A, B) during
home visit/home healthcare/
surveillance (A) or not in
attendance (C, D). Out-of-
office blood pressure includes,
but is not limited to, home
measurements. Ambulatory
blood pressure monitoring
(overlaid domain) is performed
at various locations, mostly
out-of-office settings. For
automated office blood
pressure (D), medical staff are
not in attendance but supervise
the measurement procedure.
Reproduced from Asayama
et al. [14].
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position. The measurement period was 2001–2018, and they
used two home blood pressure measurement devices made
using the same measurement technology (HEM-705IT and
HEM-7080IC, Omron Healthcare Co. Ltd, Kyoto, Japan) except
the earlier periods of Ohasama (2001–2017) in which another
validated device from the same manufacturer (HEM-747IC-N)
was used. Aggregate summary data per classified cell of sex,
age group in 5-year intervals, and antihypertensive drug treat-
ment were collected and integrated, and mean blood pressure
values in each cell were calculated by a meta-analysis approach.
Morning home blood pressure was consistently higher than
evening blood pressure regardless of age group, sex, and anti-
hypertensive treatment (Fig. 2), and that among participants
receiving antihypertensive medication was higher than those

without medication. The average diastolic blood pressure was
almost identical among those ≥80 years of age, regardless of sex
and antihypertensive treatment status, in both the morning
(73.7–75.8mmHg) and evening (67.1–68.9mmHg) measure-
ments. Home measurement values were grossly homogenous
among the study population by heterogeneity tests, suggesting
sufficient representativeness of these data on recent home blood
pressure levels among Japanese.

Measurement devices

As marketed medical tools, manufacturers of the blood
pressure measurement devices have to follow domestic
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Fig. 2 The self-measured home blood pressure among Japanese
five cohorts in each 5-year age category. The mean systolic (A, B) and
diastolic (C, D) home blood pressure measured in the morning (A, C) and
evening (B, D). Error bars indicate one-sided 95% confidence intervals.
The horizontal auxiliary lines, which represent blood pressure level, are
aligned in height on the adjacent panels. Heterogeneity tests among the

cohorts were not significant (corrected P ≥ 0.063), with the exception of
treated men aged 70–74 years (corrected P= 0.0030) in the morning
measurement and of untreated men aged 60–64 years (corrected P=
0.0091) and 75–79 years (corrected P= 0.033). Reproduced from
Asayama et al. [22].
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standards and obtain approval from governmental organi-
zations in each country [23]. In the majority of cases,
however, blood pressure is measured under diverse clinical
settings and such government agencies have little respon-
sibility for the validation of accuracy in each setting.
Validation studies are therefore provided according to the
measurement settings, including age group, anthropometric
condition, and with consideration of those having a special
condition such as pregnancy, children, or treated by
hemodialysis. For example, the MDAS coworkers per-
formed a validation study of their device for a population
aged around 85 years old; this resulted in the first pub-
lication for guaranteeing a home blood pressure measure-
ment device for oldest-olds [24]. The Association for the
Advancement of Medical Instrumentation (AAMI) and
American National Standards Institute (ANSI) revised the
ANSI/AAMI standard to adopt International Organization
for Standardization (ISO) standards (ISO 81060-2:2013)
[25], and the European Society of Hypertension (ESH) [26]
recently followed the updated ISO standards (ISO 81060-
2:2019) [27]. It should be noted that the ISO standards have
been published under the full responsibility of the ISO
committees, although these recent standards are sometimes
called by different name in different organizations which
contributed to the standards, e.g., ANSI/AAMI/ISO [28] or
AAMI/ESH/ISO [26].

According to a recent report, <15% of blood pressure
measurement devices have undergone independent valida-
tion testing among >3300 devices worldwide from >450
manufacturers [29]. In the online marketplace available
from Australia on December 2018, only 18.3% of the 278
unique upper arm-cuff home blood pressure measurement
devices for sale had passed international validation proto-
cols, and the prevalence of validated wristband-wearable
devices among 532 unique ones on the market was zero
[30]. Several consortiums have tried addressing the blood
pressure validation issues. The Accuracy in Measurement of
Blood Pressure (AIM-BP) Collaborative is focused on
advocating for and implementing optimal blood pressure
measurement practice globally by complimentary existing
efforts [31]. The activity of AIM-BP is in connection with
the Lancet Commission on Hypertension Group [32], the
World Hypertension League, and related organizations [33],
and major objectives of the Collaborative include “host a
webpage on the World Hypertension League website that
summarizes critical information and resources” [31]. Such
summarization of blood pressure measurement information
has been conducted by several organizations, e.g., dabl
Educational Trust [34] and Medaval [35]. Despite the great
efforts, people have been facing difficulty providing infor-
mation continuously as dabl Educational Trust is no longer
actively updated [29], and to make and update the summary
under a fair and accurate fashion is also tough partly

because interpretation of publications regarding validation
of blood pressure device can differ. In the Science and
Technology for Regional Innovation and Development in
Europe BP initiative which was founded in 2018 by inter-
national experts in blood pressure measurement, the board
members independently review publications on blood
pressure variability based on the concurrent knowledge and
advancement of validation procedures, and they judge
whether the device is acceptable for defined measurement
situation such as in the general population, children, etc.
[36]. In contrast, our group organized a working group
within the Japanese Society of Hypertension (JSH), and, in
2016, started to collect information on blood pressure
measurement devices marketed in Japan (http://www.jpnsh.
jp/com_ac_wg1.html). In this listing updated annually, we
refrain from scoring the devices; instead, we ask the device
manufacturers via several public consortiums to provide
related data in detail, and we disseminate the information
without essentially processing it. Although this activity is
mainly targeted toward Japanese, this local activity is also
compatible with the global practice in AIM-BP [31].

Out-of-office blood pressure in guidelines

In the 2017 ACC/AHA Guidelines, out-of-office blood
pressure measurements were “recommend to confirm the
diagnosis of hypertension and for titration of blood
pressure-lowering medication, in conjunction with tele-
health counseling or clinical interventions” [3]. Similarly,
wider use of out-of-office blood pressure measurement is
“an option to confirm the diagnosis of hypertension” by the
2018 ESC/ESH Guidelines [2]. As Jones [37] summarized,
diagnosis based on in-office blood pressure is still an
essential blood pressure management decision in the US
and European guidelines. However, in the 2018 ESC/ESH
Guidelines, out-of-office BP, particularly home blood
pressure, is recognized as a tool for detection of white-coat
and masked hypertension as well as for monitoring blood
pressure control [2]. AOBP theoretically enhances the in-
office blood pressure measurement condition [37] if prac-
titioners are able to prepare the environment of AOBP.

A unique vision of the JSH regarding out-of-office blood
pressure is worth introducing. Out-of-office blood pressure
is “often considered to have clinical values comparable to, or
greater than, that of office blood pressure” [1]. The differ-
ence in the nature of blood pressure information is sum-
marized in Table 2. Furthermore, the home blood pressure-
based six-graded classification is provided based on a recent
outcome-driven meta-analysis [38]. Although there is cur-
rently no randomized trial to guarantee the classification
based on home blood pressure, the JSH 2019 Guidelines
certainly met the expectations in the applied country. Home
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blood pressure is widely prevalent in Japan, e.g., 77% of
patients with hypertension and 40% of individuals possess a
home blood pressure measurement device, and ~40 million
home blood pressure devices are estimated to be in use in
Japan [1, 39]. A lot of Japanese routinely measure home
blood pressure and therefore doctors, healthcare providers as
well as people themselves have required the classification
based on home blood pressure. Home blood pressure is
further used as the prioritized diagnosis information of
hypertension when an office blood pressure-based diagnosis
differs [1]. To suit the clinical practice, it is reasonable that
the JSH 2019 Guidelines differ from those from the other
regions [2, 3]. Similar to the relationship between conven-
tional office and AOBP, home blood pressure is emphasized
more than ambulatory blood pressure because ambulatory
monitoring is expensive and certain mental/physical stresses
in a person are invoked during the measurement [40],
although the advantages of ambulatory measurement are
stated in the JSH 2019 Guidelines [1].

As a successful example, an emerging topic first comes
to fruition as specific guidelines, and is integrated to broad
guidelines several years later. The initial guidelines for self-
measured home blood pressure were published in Japan in
2003 [41] and revised in 2012 [42], and the unique utility of
home blood pressure as the prioritized diagnostic tool was
emphasized in the JSH 2014 [43], which continues to the
most recent JSH 2019, as abovementioned [1]. Meanwhile,
a joint policy statement on home blood pressure was
recently published by the AHA and the American Medical
Association [44]. In the statement [44], the advantages and
recommended use of home blood pressure were described

in detail. What should be noted by those outside the USA is
that, although not applicable to all regions (states), a few
private and commercial payers and the domestic insurance
agencies (Medicaid and Medicare) have started to support
self-measured home blood pressure monitoring since 2020.
Pickering et al. [45], some of whom were also coauthors of
the statement [44], called for action on home blood pressure
measurement and emphasized the importance of reimbur-
sement of the measurement. Ambivalent situations remain
in Japan with respect to repeated petitions for reimburse-
ment of home blood pressure measurement that have been
declined by the government because the measurement is
already in widespread use. We understand the severe
financial situation; however, introducing the reimbursement
shall enhance the support for home blood pressure mea-
surement among people, particularly those with special
needs, to improve the population health of society. Fur-
thermore, our cost analysis revealed that the introduction of
home blood pressure measurement for hypertension treat-
ment would be a very effective method of reducing costs of
hypertension treatment and treatment years for hypertension
[46]. The US action of introducing reimbursement can be as
a pioneering step for other countries, and we expect to
expand the application in the near future.

The International Society of Hypertension (ISH) recently
published the Hypertension Practice Guidelines (2020 ISH
Guidelines) [4]. In contrast to developed countries, out-of-
office blood pressure measurement “may not be feasible in
low resource settings” [4]. Nevertheless, the 2020 ISH
Guidelines also emphasize the importance of out-of-office
blood pressure measurement for the accurate diagnosis of

Table 2 Characteristics of blood
pressure information.

Item Office blood
pressure

Home blood
pressure

Ambulatory blood
pressure

Frequency of measurement Low High High

Measurement standardization Possiblea Possible Unnecessary

Reproducibility Unfavorable Most favorable Favorable

White-coat phenomenon Present Absent Absent

Drug efficacy assessment Possible Optimal Appropriate

Evaluation of the duration of drug
efficacy

Impossible Most favorable Possible

Evaluation of short-term variability
(variations at 15- to 30-min intervals)

Impossible Impossible Possible

Evaluation of diurnal changes
(evaluation of nocturnal blood pressure)

Impossible Possibleb Possible

Evaluation of day-by-day variability Impossible Possible Impossible

Evaluation of long-term changes
(seasonal variation)

Possible Most favorable Possible

aStandardized measurement increases the clinical value of office blood pressure. In clinical practice,
standardized measurement is often not performed. Standardized office blood pressure measurement is
strongly recommended.
bHome blood pressure-measuring devices that can monitor blood pressure during sleep at night are available.
Reproduced from Umemura et al. [1].
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hypertension and for treatment decisions when the mea-
surement would be possible and available [4]. The criteria
are consistent with the aforementioned guidelines as shown
in Table 3, and the usefulness of the combination of office
and out-of-office blood pressure measurements to identify
people with white-coat hypertension and those with masked
hypertension is also stated in detail. The 2020 ISH Guide-
lines [4] therefore guarantee the application of out-of-office
blood pressure, and call for action on every effort world-
wide including out-of-office blood pressure measurement,
somewhat like the previous US statement [44].

Importance of accurate measurement of
blood pressure for diagnosing and treating
hypertension

For diagnosing and treating hypertension, accurate blood
pressure measurement as well as reliable data sources are
essential. However, recently emerged reports in relation to
coronavirus disease-2019 (COVID-19) have unveiled the
current inconvenient situation. In our recent review on the
association between hypertension and COVID-19 available
as of June 7, 2020 [47], none of the nine available epide-
miological studies concerning the association between
hypertension and COVID-19 stated the diagnostic metho-
dology used or the criteria for hypertension, such as in-
office or out-of-office blood pressure, or self-reported or
testimony of a family in serious situations. The huge var-
iation in data sources makes the evaluation of reported
incidence and risk of hypertension inaccurate [47]. We must
keep tackling appropriate assessment of blood pressure
during peacetime, in usual daily routines, so that we can
provide timely and accurate evidence on hypertension under
any situation, including an unexpected pandemic.
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