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This document summarizes the available evidence and

provides recommendations on the use of home blood

pressure monitoring in clinical practice and in research. It

updates the previous recommendations on the same topic

issued in year 2000. The main topics addressed include the

methodology of home blood pressure monitoring, its

diagnostic and therapeutic thresholds, its clinical

applications in hypertension, with specific reference to

special populations, and its applications in research. The

final section deals with the problems related to the

implementation of these recommendations in clinical
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Introduction The importance of HBPM in cardiovascular prevention,
The need to develop the current guidelines is related to

the fact that home blood pressure monitoring (HBPM) is

becoming increasingly important in the diagnosis

and management of arterial hypertension. The rapid

diffusion of this technique has been favoured by a

number of factors, including technical progress and wider

availability of HBPM devices, increasing awareness of

the importance of regular BP monitoring, and recognition

of the usefulness of HBPM by international hypertension

management guidelines [1–3].
related to a deeper involvement of patients in their long-

term management and the wide diffusion of this approach

in populations, is not always accompanied by adequate

knowledge of how to make proper use of this technique,

which emphasizes the need for more precise recommen-

dations (Box 1).

Purpose and scope of these guidelines
The purpose of the present guidelines is to update the

recommendations given in the first consensus document
orized reproduction of this article is prohibited.
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Box 1. Rationale for the present guidelines

(1) Need for accurate definition of BP phenotype:
(a) accurate and frequent BP readings in and outside the office are essential

for the diagnosis, management, treatment, epidemiology and research of
hypertension [1].
(2) Fast worldwide diffusion of out-of-office BP measurement.
(3) Continuing increase in the sale of electronic BP measuring devices
designed for home monitoring.
(4) Lack of sufficient knowledge among physicians and patients about how
to make proper use of HBPM.
on HBPM, published in year 2000 [4]. Like the previous

document, this paper is also written to provide physicians

and other healthcare providers with information on the use

of HBPM in clinical practice on the basis of the available

evidence and expert opinion. An Appendix to this article,

which will be published online, is devoted to patients’

information and training programmes. These guidelines

are notaimed at dealing with the technological, economical

and public health related aspects of HBPM use.

Methods
HBPM is an area in which data from randomized

controlled trials of sufficient power are still limited.

This does not allow a formal grading of recommen-

dations based on the available evidence. Nonetheless,

the Writing Committee made a great effort to provide

objective recommendations, through extensive retrie-

val of published data, and by establishing task forces

to prepare and discuss separate documents on specific

topics.

The published data were retrieved by identifying relevant

English language articles on the subject of HBPM in

computerized databases (Medline and Embase; Cochrane)

and personal literature. The search was performed on

publications using the following keywords: home BP;

self-BP measurement; BP monitoring; BP determination;

with the subheadings: validity, reliability, methods,

instrumentation, patient education, self-care, validation,

clinical relevance, prognostic value and devices. Only

non-invasive methods, clinical and cohort studies with

normotensive subjects as well as treated and untreated

hypertensive patients, were selected.

The material related to the use of HBPM was divided

into a number of topics and assigned to different task

forces. For each topic, several questions/issues were

defined and addressed by the task force in a draft docu-

ment. These draft documents were then reviewed by

the Writing Committee and subsequently presented

during the Consensus Conference. Each presentation

was followed by an open discussion involving all the

participants. The manuscripts were amended accord-

ingly and finally reviewed by the Writing Committee,

experts and by relevant organizations, leading to this

final document.
opyright © Lippincott Williams & Wilkins. Unautho
Background: general issues related to blood
pressure measurement in and out of office –
validity of home blood pressuring monitoring
in the evaluation of hypertensive patients
Office BP (OBP) measurement has been the cornerstone

of hypertension diagnosis and management for over 100

years, with most evidence on the clinical importance of

hypertension and benefits of treatment coming from

studies using this technique [5]. However, OBP measure-

ment has important limitations. In particular, a single

OBP reading often does not represent a patient’s true BP

status. This is because a random error characterizes a

single measurement of a variable such as BP, which

changes continuously over time. There may also be a

systematic error related to the patient’s alerting reaction

to the measurement procedure and setting (i.e. white coat

effect) and the inability of OBP to collect information on

BP during usual daytime activities and during sleep.

Following the pioneering work by George Pickering and

Maurice Sokolow in the 1960s, several techniques have

been developed to perform BP measurements outside

of the physician’s office in order to overcome the

limitations of the OBP. Two of them have become

widely used in clinical practice: 24-h ambulatory BP

monitoring (ABPM; addressed extensively by other

documents [6]) and HBPM, with its specific features

described in Box 2.

Important differences are frequently found between

OBP and out-of-office BP measurements in the same

individual, which may lead to disagreement between

these methods in terms of hypertension diagnosis. Such

disagreement may be characterized by the presence of

elevated OBP values and normal out-of-office BP [i.e.

white coat hypertension (WCH), also known as ‘isolated

office hypertension’] [7] or, alternatively, of elevated

out-of-office BP with normal OBP values (i.e. masked

hypertension or ‘isolated ambulatory hypertension’) [8].

These conditions will be discussed in more detail sub-

sequently.

Cost and availability have a major influence on the choice

of the method of BP measurement. OBP measurement is

cheaper than ABPM and should ideally be performed

during each visit to the physician’s office. The use of

ABPM in routine clinical practice is confined mainly to

specific conditions, due to the cost of devices and the

need to have qualified personnel for ABPM management.

On the contrary, the cost of HBPM devices no longer

limits their widespread use in clinical practice, at least

in developed countries. Moreover, the specifications

for HBPM devices for low-resource settings provided

recently by an ad-hoc WHO–European Society of

Hypertension (ESH) committee may help to introduce

out-of-office BP monitoring in places where healthcare

resources are scarce [9].
rized reproduction of this article is prohibited.
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Box 2. Summary of advantages and limitations of HBPM (modified with permission from [9])

Advantages Limitations

� A number of measurements during the day and
also over several days, weeks or months a are possible

� Need of patient training (short for automated devices)

� Assessment of treatment effects at different times
of the day and over extended periods

� Possible use of inaccurate devices
� Measurement errors
� Limited reliability of BP values reported by patients
� Induction of anxiety, resulting in excessive monitoring
� Treatment changes made by patients on the basis of casual

home measurements without doctor’s guidance.
� Normality thresholds and therapeutic targets still debated
� Lack of night recordings

� No alarm reaction to BP measurement
� Good reproducibility
� Good prognostic value
� Relatively low cost
� Patient-friendliness (in semiautomatic devices)
� Involvement of patient in hypertension management
� Possibility of digital storage, printout, PC download or

teletransmission of BP values (in some devices/systems)
� Improvement of patients’ compliance to treatment
� Improvement of hypertension control rates
Home blood pressure monitoring and prognosis
The available evidence [10–23] supports the notion that

the prognostic value of HBPM is equal to or higher than

that of OBP, a method which, at present, remains the

point of reference for prognostic stratification and clinical

decision making in hypertension (Table 1).

Predictive value for mortality

HBP was more closely associated with the risk of cardio-

vascular mortality than OBP in two population studies

[10,19,20], whereas in one study it was not a significant

predictor of cardiovascular mortality in hypertensive

patients [18]. In a study on chronic kidney disease

(CKD)patients,HBPtendedtobemorestronglyassociated

with the risk of all-cause mortality [21]. Another population

study reported that systolic HBP had a higher predictive

value for cardiovascular mortality than diastolic HBP [11].

Predictive value for morbidity

Compared with OBP, HBP was more closely associated

with the risk of stroke in one population study (no data for
opyright © Lippincott Williams & Wilkins. Unauth

Table 1 Home blood pressure measurements and outcomes

Study name Population Drug
Time of
measurem

Ohasama [10,11] General population aged �40 years (�) and (þ) Morning

Ohasama [12] General population aged �40 years (�) and (þ) Morning
Ohasama [13] General population aged �40 years (�) and (þ) Morning
Ohasama [14] General population aged �40 years (�) and (þ) Morning

Ohasama [15] General population aged �40 years (�) and (þ) Morning a
Kahoku [16] Community dwelling elderly individuals

aged �65 years
(�) and (þ) Morning a

Kahoku [17] Community dwelling elderly individuals
aged �75 years

(�) and (þ) Morning a

SHEAF [18] Treated hypertensive patients
aged �60 years

(þ) Morning a

PAMELA [19,20] General population aged 25–74 years (�) and (þ) Morning a
CKD Veterans [21] Veterans with chronic kidney disease (þ) Morning,

evening
Flanders [22] General population aged � 60 years (�) and (þ) Morning

Didima [23] General population aged �18 years (�) and (þ) Morning a
other outcomes) [12–15,24], whereas in another popu-

lation study, no prognostic superiority of HBP was found

for the risk of cardiovascular events [23]. In hypertensive

patients, HBP was shown to predict cardiovascular events

(but not mortality) better than OBP [18]. In patients with

CKD, HBP is a better predictor of progression to end

stage renal disease (ESRD) [21] and of composite cardi-

ovascular events [25] than OBP.

Other analyses

In some studies, the prognostic value of HBPM was

documented without comparing it with OBP, providing

evidence in favour of the ability of HBP to predict

mortality [17], disability [16] and target organ damage

[26–36] or its regression [31,37,38].

Little is known on the usefulness of home-measured

heart rate (HR), a parameter that is usually provided

by automated BP devices. Out-of-office HR is more

reproducible than clinic HR, but in the studies that used

HR obtained with 24-h ABPM this advantage did not
orized reproduction of this article is prohibited.

ents

Average
number of
measurements Outcome

21 Cardiovascular, non-cardiovascular and
all-cause mortality

1–25 Total stroke morbidity
25 Total stroke morbidity
25 Total, haemorrhagic and ischaemic stroke

morbidity
nd evening 47 Total stroke morbidity
nd evening 20 Cardiovascular, non-cardiovascular and

all-cause mortality
nd evening 20 Disability, cardiovascular and all-cause mortality,

cardiovascular and stroke morbidity
nd evening 27 Cardiovascular and all-cause mortality, total

cardiovascular morbidity
nd evening 2 Cardiovascular and all-cause mortality

afternoon and Not available Morbidity of end stage renal disease,
all-cause mortality

3 Major cardiovascular events (cardiovascular
death, myocardial infarction and stroke)

nd evening 12 Total cardiovascular morbidity and mortality
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seem to translate into a better risk prediction, compared

with conventional resting HR [39–41]. In the only study

available on the prognostic relevance of home-measured

HR [42], a 5 beats/min increase in home HR corre-

sponded to a 17% increase in the risk of mortality, but

this result was not confronted with the predictive power

of clinic HR.

In conclusion, the available evidence strongly supports

HBPM as a valid tool for prognostic assessment. Areas

that need further research include the prognostic signifi-

cance of other parameters derived from HBPM, such as

heart rate or pulse pressure, and the relation of HBPM

with individual outcomes [e.g. coronary artery disease

(CAD)]. More prospective studies in Western populations

appear to be needed.

Methodological aspects
The recommendations that follow are based on previously

published documents [1,2,4] as well as on more recent data.

Unless stated differently, the current document will refer

to the use of automated devices with an inflatable cuff

for the upper arm (see the section Device selection and

validation) (Box 3).

Measurement conditions and procedures
BP is a variable haemodynamic phenomenon influenced

by many factors, not least being the circumstances of

measurement itself. Thus, the considerable variability

that may occur in BP from moment to moment depend-

ing on individual’s activity, emotions, environmental

stressors, pharmacological factors and other physiological

variables [7,43,44] should always be considered when

performing a BP measurement. If these influences are

ignored or unrecognized, erroneous diagnosis and inap-

propriate management may result.

The effect of these factors can be minimized by perform-

ing measurements in conditions as carefully standardized

as possible and by taking them into account when inter-

preting the results of HBPM. The conditions of HBPM

should be similar to those recommended for OBP [6].

The patient should be relaxed in the sitting position

(most data on HBPM have been obtained with sitting

measurements), with the back supported, the cuff at

heart level, without crossing legs, in a quiet room at a
opyright © Lippincott Williams & Wilkins. Unautho

Box 3. Key issues related to the methodology
of HBPM

� Need of medical supervision and patient training
� No need of frequent calibration of automated devices
� Need of independent validation
� Need of specific validation in special populations (elderly individuals,

children, normal pregnancy, pre-eclampsia, end stage renal disease)
� Need to ensure an adequate quality of validation studies
� Importance of overall quality certification
� Debate on usefulness of checking device accuracy in individual patients

at first use
comfortable temperature and at least 5 min of rest should

precede the measurement. Patients should not talk

before and during BP measurement. When it is not

possible to achieve optimum conditions, this should be

reported with the BP reading [45].

Arm support

If the arm in which measurement is being made is

unsupported, isometric exercise is being performed,

increasing BP (up to 10%) and heart rate [46]. It is

essential, therefore, for the arm to be supported during

BP measurement and this is best achieved in practice by

having the arm supported on a table (for sitting position).

Arm position

When the arm (i.e. the cuff) is positioned below or above

heart level, BP will be overestimated or underestimated,

respectively. The magnitude of this error can be as great

as 10 mmHg in sitting and standing positions or 5 mmHg

in the supine position. Inappropriate forearm position is

even more important when wrist BP monitors are used, as

it introduces a large error margin on top of the limited

accuracy commonly seen in these devices [47]. Because

of this, some wrist devices have a built-in sensor, which

indicates the correct position [48].

Arm selection

We recommend that BP measurement on both arms

should only be done at the time of the first office

measurement to exclude occlusive arterial disease

[49,50]. In individuals with a consistent and significant

between-arm difference (e.g. >10 mmHg systolic and/or

>5 mmHg diastolic) on repeated measurements, the arm

with the higher BP should be selected for future measure-

ments [6]. During HBPM, measurements should be

performed sequentially always on the same arm.

Cuff and bladder

The size of a bladder is important to obtain accurate BP

estimates. A bladder which is too small may lead to over-

estimation (undercuffing) and a bladder which is too large

may lead to underestimation (overcuffing) of actual BP

[51]. The length of the inflatable bladder should cover 80–

100% of the arm circumference and the width should be

about half that of the length [6]. No satisfactory solution to

the problem of cuff size has been found so far. Different

cuff sizes are recommended for patients with different arm

circumferences as well as in children at different ages [52]

(Box 4); and before the patients start using a BP device, it

must be ensured that the bladder dimensions are adequate.

For each measurement, the cuff should be wrapped round

the upper arm with the centre of the bladder placed over

the brachial artery.

The methodology of BP measurement in obese people is

discussed in more detail in a dedicated section later on in

this paper.
rized reproduction of this article is prohibited.
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Box 4. Recommended bladder dimensions in adults,
children and adolescents

Recommended dimension for BP cuff bladders in adults
British Hypertension Society

Cuff type For whom Dimension (cm)
Small Lean adult arms

and children
12�18

Standard Most adult arms 12�26
Large Arms of obese patients 12�40

American Heart Associationa

Cuff type Arm circumference
(cm)

Dimension
(cm)

Small adults 22–26 12�22
Adults 27–34 16�30
Large adults 35–44 16�36
Adult thigh 45–52 16�42
Recommended dimension for BP cuff bladders in children
Age range Width

(cm)
Length
(cm)

Maximum arm
circumference (cm)b

Newborn 4 8 10
Infant 6 12 15
Child 9 18 22

a
Data from [6].

b
Calculated so that the largest arm would still allow the bladder to encircle

the arm by at least 80%. Modified from [51].

Box 5. Devices for HBPM: selection and validation

� Auscultatory (aneroid or mercury) devices not recommended for home
monitoring except under specific circumstances (e.g. arrhythmia)
� Finger cuff devices not recommended
� Wrist cuff devices not recommendeda

� Only validated semiautomated oscillometric arm cuff devices are
recommended
� Device equivalence to be checked (same devices with different names

in different countries)
� Optional small and large adult cuffs should be availableb

a
Under evaluation for possible use in special conditions (elderly individual,

obese people). Wrist monitors with position sensors are claimed to be more
accurate.
b

Cuff issue yet unresolved (different cuff sizes or adjustable cuff?).
Data reporting

Accurate reporting of BP readings must be ensured, as it

has been shown that HBPM reported by patients fre-

quently differs from the actually measured values [53].

Not only BP but also HR values measured at home

should be reported. This is because, as already men-

tioned, home-measured HR not only provides infor-

mation on cardiovascular risk [42] but may also help in

a better interpretation of home BP values (may suggest

the presence of factors that influence BP, e.g. physical or

emotional stress, arrythmias, etc.).

For more discussion on data reporting, see the section

Home blood pressure monitoring and telemedicine.

Patient disability

Few patients are unable to perform HBPM when auto-

mated oscillometric monitors are used. This technique

may be unsuitable for patients with physical problems or

mental disabilities, unless the measurements can be

taken by another person (e.g. family member), which,

however, may affect the HBP values [54].

Patient education

HBPM is most suited to hypertensive patients who wish to

contribute to their own management. At present, HBPM is

frequently performed by patients on their own initiative

using devices purchased without medical advice [55,56].

This leads to frequent problems, such as the use of

inaccurate devices and errors in measurement method-

ology. The knowledge of patients about appropriate cuff

size is also minimal. This situation may discourage primary

care physicians from making a more widespread use of

HBPM in everyday practice [57]. Such an attitude could be

improved if the doctors themselves become familiar with

the strengths and limitations of HBPM, aware of the
opyright © Lippincott Williams & Wilkins. Unauth
accuracy and reliability of the equipment being used by

their patients, and informed on the state of the market for

automated devices. Proper training of patients on meth-

odology and interpretation of HBPM may reduce the

likelihood of errors during measurement [55] and provide

reliable assessment of HBP.

There is currently no standardized approach to educating

patients about HBPM. Perhaps involvement of members

of the healthcare team, such as nurses in primary care

practices, specialized nurses or pharmacists [58], or a

combination of different methods may be needed [56].

Additional resources such as CD-ROMs, booklets (see

suggested reading on the Journal of Hypertension Web site)

or access to dedicated Web sites are useful for demonstrat-

ing HBPM to patients.

Device selection and validation
Monitors available for HBPM theoretically may include

mercury-column sphygmomanometers, aneroid man-

ometers and electronic semiautomatic devices (Box 5).

Mercury-column sphygmomanometers are cumbersome,

require the training of the patient in the auscultatory

method and the mercury contributes to environmental

pollution. Thus, not only are they not recommended, but

they are no longer on the market in several countries

[59,60]. Aneroid manometers also require skill by the

patient and training by the physician, and they can

become inaccurate with use [61]. For these reasons, these

devices are also not recommended for routine use.

Recently, mercury-free manual devices based on the

auscultatory method and on use of electronic transducers

have been developed. Although they also require patient

training, they may be useful for individuals in whom

automated measurements are not feasible, e.g. because of

arrhythmias or inaccuracy of oscillometric measurement.

All currently available automated and semiautomated

HBPM devices use the oscillometric technique. They

are popular with patients mainly because of simplicity of

use. These devices are widely advertised and sold in

pharmacies and even supermarkets, usually without

instructions or education from a knowledgeable health

professional. In consequence, a vast array of such devices
orized reproduction of this article is prohibited.
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is manufactured and marketed, many of which have not

been independently evaluated for use in clinical practice

(see www.dableducational.org). Three categories of these

devices are available: devices that measure blood pres-

sure on the upper arm, the wrist and the finger.

Finger devices

Devices that measure BP at the finger are not recom-

mended, because peripheral vasoconstriction, alteration

in BP in the more distal site of recording, and a particu-

larly relevant effect of limb position on BP lead to

important inaccuracies of measurement [62].

Wrist devices

Automatic wrist monitors are popular among patients,

because measurement is readily obtained without the

need to remove clothing. These devices, however, are

subject to the same limitations as the finger devices,

including distal site and limb position. Measurement

with wrist devices is heavily influenced by not only

the level at which the wrist is held but also its flexion

and hyperextension. Furthermore, wrist devices are inher-

ently less accurate because of the difficulties in producing

an accurate algorithm to estimate systolic blood pressure

(SBP) and diastolic blood pressure (DBP), as there are

two arteries contributing to the oscillometric signal. As

a result, there continue to be strong reservations about

the use of wrist devices for routine clinical practice.

However, additional studies have been advocated to

explore the role of wrist measuring devices in special

populations, such as obese or elderly individuals, in

whom HBPM using the upper arm is more difficult to

perform [63].

Upper arm devices

Monitors that measure BP in the upper arm (brachial

artery) have been shown to be the most reliable in clinical

practice and research and therefore their use is recom-

mended for HBPM. The majority of general recommen-

dations on BP measurement apply to these devices,

including the need for availability of appropriate cuff

sizes. Validated electronic upper arm devices should thus

be preferred for HBPM, particularly those offering the

possibility to store, transmit or print measurements. The

possible exceptions include patients in whom it is not

possible to measure BP with these devices (patients with

arrhythmias; in some patients, automated measurement

is not possible, with no obvious reason).

Device validation

SBP and DBP values provided by oscillometric devices

are derived by means of device-specific algorithms

that are not disclosed by manufacturers. Because of

this heterogeneity and the marketing of a multitude of

devices, patients should be certain that the device they

purchase has been validated according to agreed-upon

criteria. Based on the experience from studies using
opyright © Lippincott Williams & Wilkins. Unautho
earlier validation protocols of the American Association

for the Advancement of Medical Instrumentation

(AAMI) and British Hypertension Society (BHS) [64],

the Working Group on BP Monitoring of the ESH has

developed a simplified and updated protocol, without

sacrificing the integrity of earlier protocols. This ‘Inter-

national Protocol’ was drafted so as to be applicable to the

majority of BP measuring devices on the market and has

already been used in numerous studies [65]. Apart from

‘standard’ validation studies, the Writing Committee also

recommends independent validation of devices for use in

special populations (children, pregnant women, patients

with hypertension associated with pregnancy, elderly

people, obese individuals, etc.).

Besides validation for clinical accuracy, devices should

also undergo technical quality certification based on

additional characteristics that make their use safe, easy

and clinically useful for disease management. Recently a

Quality Certification Protocol for previously validated

devices was proposed, which should provide objective

information on both accuracy and overall quality of BP

monitors [66].

The Writing Committee agreed on the need to define

procedures for assuring the accuracy of validation studies

themselves. A proposal for such procedures is currently

being prepared by the Working Group on BP Monitoring

of the ESH.

As only a minority of SBPM devices on the market have

fulfilled independent validation criteria, there is a need

for continuous monitoring of devices on the market, with

information on validated recorders being distributed to

healthcare providers and purchasers. The ESH has sup-

ported the establishment of a not-for-profit Web site to

provide updated lists of validated BP-measuring devices

(www.dableducational.org). Other Web sites such as that

of the British Hypertension Society (www.bhsoc.org) also

provide information on device validation.

Device equivalence

The need to re-validate devices that undergo minor modi-

fication without alteration to the measurement algorithm

has been repeatedly queried by manufacturers [66].

The Writing Committee supports the device equivalence

procedure proposed by dablEducational Trust [67].

Manufacturers are requested to post statements of the

equivalence of the measurement algorithm for different

models on dedicated Web sites.

Device calibration: testing device accuracy in individual

subjects

Electronic devices are unlikely to develop calibration

errors because of the demonstrated stability of the

electronic pressure transducers [68]. If such a device

generates a reading, it is therefore likely to be accurate.
rized reproduction of this article is prohibited.
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Box 7. Advantages and disadvantages of automated
oscillometric BP devices

Advantages Disadvantages

Provide printouts with Poor record for accuracy but improving
Systolic and diastolic blood
pressure

All use oscillometric measurement –
systolic and diastolic blood pressure
derived from algorithm known only
to manufacturer

Mean blood pressure
Heart rate
Time of measurement Oscillometric technique fails in some

individualsDate of measurement
Eliminate observer error Oscillometric technique not accurate

in arrhythmiasEliminate observer bias
Eliminate terminal digit

preference
More expensive than aneroid or

mercury devices
BP underestimation in pre-eclampsia.Minimal training

Store data for future analysis
and comparison

Provide trend plots
Repeated aberrant readings indicate malfunction and

should dictate the need for calibration checks or replace-

ment. Regular calibration over time is therefore not

recommended but as other components, such as tubing

and cuffs may deteriorate and affect accuracy, individual

devices should nevertheless be periodically checked and

their components replaced if needed.

Although it is known that for unexplained reasons

oscillometric devices might not be accurate in some

individuals, at present, there is no agreement on the

need to test device accuracy against mercury sphygmo-

manometers in individual patients, when the device is

first used. However, doing so might offer an opportunity

for education and training of patients, who are often

impressed by the higher readings in the doctor’s office.

Although such a procedure might not be very accurate,

it could also be useful to check that measurements are

performed correctly (including selection of proper cuff

size).

Technological features

Devices for HBPM must be easy to use, preferentially fully

automated,withaneasilyreadabledigitaldisplay, andmust

be operated by a single push-button (Boxes 6 and 7). They

should have sufficient memory to enable physicians to

recall previously stored readings (i.e. at least 500 readings).

Built-in software for preliminary automated data analysis

and interpretation may be useful. In particular, the

devices providing whole-period averages following the

recommended diagnostic schedule (see below) should

be preferred. Other features that may be useful in some

patients include acoustic signals during cuff inflation and

deflation, systems for detection of arm or body move-

ments or of irregular heart beats, indication of high BP

values, calculation of separate morning and evening

averages, double memory (for simultaneous use by

two individuals in the same family), programmable

alarms reminding users to take readings, AC/DC adaptor

to save battery life in case of frequent use, external

computer connectivity, possibility of printout, auto-

mated night-time measurements, possibility to select

specific time periods for statistical analysis (e.g. before

and after changing therapy).
opyright © Lippincott Williams & Wilkins. Unauth

Box 6. HBPM: technological features

Recommended:
Easy to use, preferably fully automated
Easily readable digital display
Sufficient memory
Whole period averages according to diagnostic schedule
Availability of different sized cuffs

Optional:
Automatic detection of arm movement or irregular heart beats
Separate morning and evening averages
Prompting and scheduling for BP measurement
Automated night-time measurements

BP telemonitoring systems may be useful in hypertension management
Home blood pressure monitoring and telemedicine

HBP values are usually reported in handwritten log-

books, which are frequently inaccurate and/or illegible

[53,69] and do not provide an immediate insight into the

overall time course and control of BP. This may discou-

rage physicians from using them in clinical decision

making. The need for automated HBPM data storage,

analysis and reporting functions has stimulated the devel-

opment of HBP telemonitoring (HBPT) systems [70].

HBPT is based on registration of BP data obtained at the

patient’s home and their transfer to a remote computer

through telephone (stationary or mobile) or Internet

connection. Automatically generated reports of these data

aid the physician in making therapeutic decisions, which

may be communicated to the patient without the need for

additional clinic visits. Several HBPT systems are avail-

able on the market, with different modalities of data

transmission and reporting, and additional features such

as reminders of measurement and/or medication intake.

HBPT shares most advantages of traditional HBPM, while

improving the quality of data reporting and facilitating

their interpretation. It may also improve the control of BP

and compliance with treatment [71] and be useful for faster

identification of patients responding to treatment [72].

Preliminary reports also suggest a possible usefulness of

HBPT for self-titration of antihypertensive medication by

patients [73]. HBPT may also be valuable for comparing

antihypertensive treatments in clinical trials [74]. The

main disadvantage of HBPT is the high cost of purchasing

and maintaining the system, partly counterbalanced by a

reduction in the costs of patients’ management compared

with usual care. This is of particular importance in the light

of the possibility of HBPT being reimbursed by national

healthcare systems. Other limitations of HBPT include

the need for training and the requirement of a telephonic/

Internet connection. Inclusion of HBPT in integrated

home-care systems for cardiovascular monitoring may

stimulate its further development, particularly in con-

ditions that require close follow-up, such as chronic

heart failure.
orized reproduction of this article is prohibited.
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User procedures: frequency and timing of home blood
pressure monitoring
Selection of the optimal schedule for HBPM should

consider its relation with cardiovascular risk (‘outcome-

based approach’) and its ability to provide a reliable and

reproducible assessment of the ‘usual’ HBP of each

individual (‘clinical approach’) [75] (Box 8).

Outcome-based approach

In outcome studies [10–18,20–24], a wide variety of

HBPM schedules have been used (Table 2). Irrespective

of the monitoring schedule, HBPM is a powerful predictor

of cardiovascular risk (see Home blood pressure monitor-

ing and prognosis), even when only two [10,20] or

three [76] HBP readings are obtained. However, when

the monitoring time is extended over a few days and the

number of readings increases up to 14, and possibly 25 [12],

the prognostic value improves [10,23]. Moreover, single

morning HBP measurements probably give an incomplete

picture of the HBP because of significant differences

between successive readings [77] and between morning

and evening BP values [78,79], which may have different

prognostic impact [24]. Thus, to achieve the optimal

prognostic power of HBPM, the average of at least

12 values, taken in the morning and the evening, should

be used.

Clinical approach

Short-term trials have investigated the optimal schedule

on the basis of the reproducibility of HBP, its stability over

time and its relationship with ABPM values. The repro-

ducibility of HBP depends on the number of averaged

HBP measurements [79], and its maximum level was

achieved in different studies at five or six [80,81] up to

30 [79] measurements over a few monitoring days, most of

the stability being achieved over the first 2–5 days [77,79–

82]. A 7-day schedule with duplicate morning and evening

HBP measurements was thus suggested as appropriate for

clinical pharmacology trials [83].

Even though HBP is known to be devoid of a white-coat

effect [6,84,85], in several studies, HBP values on the
opyright © Lippincott Williams & Wilkins. Unautho

Box 8. User procedures

Condition of measurements
� 5 min rest, 30 min without smoking or caffeine
� Seated, back supported, arm resting on the table
� Correct cuff bladder placement
� Immobile, legs uncrossed, not talking, relaxing
� Repeated readings at 1–2 min intervals
� Results written down if devices without memory
How often and how many times to measure
� Initial assessment, assessment of treatment, and in the long-term

follow-up before each clinic/office visit:
� 7 days of measurements
� Two measurements for each session
� Morning and evening readings per day (before drug intake and before

eating)
� First day of each monitoring session to be discarded
� Long-term follow-up: one to two measurements per week (debated)
initial monitoring day were shown to be higher and more

unstable and the reproducibility of HBP was improved

when they were discarded [12,23,77,82]. Moreover, the

average HBP from the initial day does not identify

differences in drug efficacy [86]. These drawbacks of

the initial day of HBPM persist in subsequent HBPM

sessions in an individual patient.

The reliability of HBP was also verified by comparing it

with average ABP values. Although some authors

suggested that only a few readings may suffice to achieve

best results [87], according to others, a large number

(42 over 7 days) of heavily edited measurements are

needed [88].

Recommended home blood pressure monitoring schedule

On the background of these observations, the optimal

HBPM schedule to be used for decision making should

represent the usual level of HBP, give a reproducible

HBP level and have sufficient prognostic value [89].

Based on the above data, to achieve this, a minimum

of 12 measurements and up to 25 measurements over a

few days might be desirable. The Writing Committee

supports the previous suggestion by the ESH Working

Group on BP Monitoring [6], according to which HBP

should be monitored for 7 days, with at least two morning

and two evening measurements. For clinical decision

making, the average of all values should be used with

the exception of the first day, which should be discarded.

This schedule should be used in the commencement

phase, the treatment phase and the follow-up phase.

In other words, it is advisable for the patient to monitor

his/her HBP using this 7-day schedule immediately

before each visit to the physician’s office. Some debate

on this issue is still going on, however [89,90]. No con-

sensus was reached on whether and how HBP should be

monitored in the remaining period, i.e. between visits. It

should be considered that long-term BPM might lead to

unnecessary and compulsive BP measurements in some

patients. Moreover, the finding of isolated high BP read-

ings may lead to inappropriate self-adjustment of drug

dosage or unnecessary visits to the emergency department.

Nevertheless, many experts believe that long-term HBPM

might allow a closer assessment of the stability of HBP

control, improve patients’ involvement and compliance

with treatment and maintain their BP measurement skills

at an adequate level, as detailed in two later sections.

Diagnostic and therapeutic thresholds
Even though the association between BP and cardiovas-

cular risk is continuous, it is crucial for clinical decision

making to define the threshold values for HBPM above

which hypertension should be diagnosed (diagnostic

threshold). Another important problem is whether

therapeutic targets for HBPM should also be defined,

and if so, what they should be. There is worldwide
rized reproduction of this article is prohibited.
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Table 2 Home blood pressure monitoring schedule in outcome studies

Number of patients

Home blood pressure monitoring schedule

Days Morning readings Evening readings Total readings

Ohasama [10] 1789 28 1 0 28
SHEAF [18] 4938 4 3 3 24
PAMELA [20] 2051 1 1 1 2
Flanders [22] 391 1 3 0 3
Didima [23] 665 3 2 2 12
consensus that the cut-off limits applicable for conven-

tional sphygmomanometry cannot be directly extra-

polated to HBPM, because studies on unselected

populations [10–16,19,20,24,91] and hypertensive

patients [18,21,38] have demonstrated that HBP is lower

than OBP. The present recommendations on these

thresholds are based on the evidence coming from

meta-analyses [92,93], observational studies and clinical

trials, and refer also to previous guidelines [3,4,6,94–102].

Review of evidence
Meta-analyses

In a meta-analysis of the aggregate data extracted from

published articles, the thresholds were defined through

the analysis of relative distributions of HBP and OBP

values and identification of corresponding BP levels.

Depending on the method used, the identified HBP

thresholds were 137/89 mmHg (two SD cut-off), 135/

86 mmHg (95th percentile cut-off), 129/84 mmHg

(corresponding to OBP¼ 140/90 mmHg, regression

method) and 125/79 mmHg (corresponding to OBP¼
140/90 mmHg, percentile method) [92]. In a meta-

analysis of individual patient data, the 95th percentiles

of HBP were 136/85 mmHg BP (morning), 139/86 mmHg

(evening) and 137/85 mmHg (whole day) [93].

Several longitudinal studies in populations [10–16,19,

20,24,91] or patient cohorts [18,21,38] have attempted to

find a justification for diagnostic cut-off limits for the HBP

in terms of mortality [10,11,19,20,91] or fatal and non-fatal

endpoints [12,13,15,16,18,21,23–25,38]. Suggested thre-

sholds differed slightly between the studies (Table 3)

ranging between 125 and 138 mmHg for SBP and

83 and 85 for DBP [10,11,23,24,91]. Similar results were

obtained in treated hypertensive patients [18]. A couple of

studies suggested that the HBP thresholds in high-risk

patients might be lower than 135/85 mmHg [13,21].
opyright © Lippincott Williams & Wilkins. Unauth

Table 3 Thresholds proposed in prospective cohort studies

Acronym Year Sample Number

Ohasama [10,11,91] 1997–2006 P 1913 (58
Kahoku [16,17] 1999–2005 P P 1186 (57

461 (58.
Rave [38] 1999 DM 77 (48.0
SHEAF [18] 2004 HT 4939 (51
PAMELA [19,20] 2005–2006 P 2051 (49
Agarwal [21] 2006 CKD 217 (3.7

P indicates population sample. DM, HT and CKD refer to patients with diabetes mellit
number of patients enrolled with the proportion of women given between parentheses. M
measurement days given between parentheses.
Clinical trials

Until now, only a few trials on the use of HBPM have

been completed and published. In two of them (THOP

and HOMERUS), antihypertensive drug treatment was

adjusted based on either HBP or OBP, and the same

threshold (140/90 mmHg) was used for both. The results

of both these trials confirmed that the cut-off limit for the

DBP should be lower on HBP than OBP measurement

[103,104]. The HOMED-BP outcome trial, the results of

which are not yet available, is aimed at defining thera-

peutic HBP targets by randomizing individuals to two

groups with target HBP of 125–134/80–84 mmHg and

below 125/80 mmHg [105,106]

Until now, there is only indirect evidence on operational

thresholds in pregnancy [107]. Reference thresholds for

HBP in children and adolescents were also proposed

[108]. These issues are discussed in more detail later

in this paper.

Proposal for diagnostic and therapeutic thresholds
Diagnostic thresholds

The above evidence supports the idea that hypertension

should be diagnosed by HBPM starting at BP levels of

135 mmHg SBP or 85 mmHg DBP in adults, older indi-

viduals and women (including pregnant women), at least

until more evidence is available for special populations.

Although the use of values below 120/80 mmHg and

below 130/85 mmHg as optimal and normal, respectively,

for HBPM has been proposed, the Writing Committee

agreed that they should not be recommended until more

prospective data are available.

Therapeutic thresholds

The target levels of HBP to be attained on antihyper-

tensive drug treatment are currently unknown, this issue

being explored by the ongoing HOMED-BP study [105].
orized reproduction of this article is prohibited.

Age Readings Threshold

.6) 60.8 (>40) M (28) <137/84

.5)
4)

73.5 (>65)
80.0 (>75)

M/E (5) M/E (5) 125–134/. . .
<135/. . .

) 37 M/E (2) <138/83
.1) 70 M/E (4) <135/85
.4) 51.2 (25–75) M/E (1) <135/83
) 67.4 M/A/E (7) <130/. . .

us, hypertension, and chronic kidney disease, respectively. Number indicates the
, A and E stand for morning, afternoon and evening, respectively, with the number of
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Schematic relationship between office and home blood pressure. True
hypertensive patients are at greatest risk of cardiovascular events and
true normotensive individuals at lowest risk. White coat and masked
hypertensive patients lie in between, with white-coat hypertensive
patients having a risk close to that of true normotensive individuals and
masked hypertensive patients closer to true hypertensive patients.
However, the target HBP for therapy should logically be

below the threshold used to diagnose hypertension, that

is, it should be less than 135 mmHg for systolic and less

than 85 mmHg for diastolic HBP. As recommended for

the OBP [1], lower treatment HBP targets might be

advisable in high-risk patients, such as those with dia-

betes mellitus, a history of stroke, coronary heart disease

or renal disease. However, direct evidence supporting

these lower targets is not yet available.

Even small gradients in the achieved OBP are known to

significantly influence the risk of cardiovascular outcomes

[109–112] and the reduction in OBP translates into a

decrease in HBP, although the reduction in HBP is smaller

than that of OBP. Based on the observed home-to-office

ratios in the BP-lowering effect [103], a decrease in systolic

HBP by 2 mmHg may be expected to provide similar

relative risk reductions as a decrease in office SBP by

3 mmHg, that is, a 20%reduction in the incidence of stroke.

It should thus be emphasized that even if the difficulties

in attaining therapeutic goals [105] may be frustrating for

patients and physicians, each mmHg reduction in HBP is

important, as it contributes to the prevention of cardiovas-

cular complications, especially in high-risk patients.

Clinical indications
Diagnostic implication of home blood pressure
monitoring in hypertension
As discussed above, there is agreement to use 135/

85 mmHg as the cut-off point for diagnosing hypertension

corresponding to an OBP of 140/90 mmHg. If a regression

line is drawn to demonstrate the relationship between

OBP and HBP, it is clear that, although there may be a

good correlation between the two measurements, the

scatter will be considerable. This means that each indi-

vidual falls into one of the four categories defined in Fig. 1.

Individuals with an OBP 140/90 mmHg or more and HBP

135/85 mmHg or more will be described as having sus-

tained (uncontrolled) hypertension, whereas those with

both measurements below these diagnostic thresholds

can be considered normal (sustained normotension or

controlled hypertension if treated). The phenomenon of

‘WCH’ [5,7,42,43], in which high BP values seen in a

medical environment (i.e. OBP) normalize during out-of-

office BP measurement, was demonstrated many years ago

using ABPM [113] and later also became apparent using

HBPM [85,114].

More recently, the term ‘masked hypertension’ has been

coined to describe patients with normal OBP but high

out-of-office readings (Fig. 1). Again, this was first studied

with ABPM [8] but is equally apparent with HBPM [115].

The prevalence of these two conditions in the general

population is relatively consistent in the literature

(15–20% WCH and 10–15% masked hypertension

[116,117]). Although most such information has been
opyright © Lippincott Williams & Wilkins. Unautho
obtained using ABPM, HBPM has also provided similar

estimates [118], even if the results obtained with the two

techniques do not overlap completely [85,119].

A number of studies have addressed the issue of the

prognostic implications of WCH and masked hyperten-

sion. The prognostic relevance of WCH is still debated,

but it may be safely stated that, if anything, it increases

cardiovascular risk only modestly [117]. By contrast,

masked hypertension has been consistently shown to

be associated with elevated risk, close to that of patients

with persistent hypertension in whom both office and

out-of-office BP values are elevated [116,120].

Despite the obvious clinical relevance of WCH and

masked hypertension, so far there is no agreement

on the ideal clinical approach to these conditions in

the absence of supporting evidence. Out-of-office BP

measurement is by definition essential to their identi-

fication and, in fact, suspected WCH and masked

hypertension are among the main indications for ABPM

or HBPM [1,3,6].

Home blood pressure monitoring in the long-term
follow-up of hypertension
An important application of HBPM lies in the possibility

of its long-term use in the management of every patient
rized reproduction of this article is prohibited.
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Box 9. Indications for HBPM in treated hypertensive
patients

All patients receiving antihypertensive medication
Evaluation of white coat hypertension
Evaluation of masked hypertension
Evaluation of resistant hypertension
To improve compliance and medical adherence
To improve hypertension control rates
Box 10. Usefulness of long-term HBPM in treated
hypertensive patients

Advantages:
(1) Improved assessment of drug effects
(2) Detection of a causal relationship between adverse effects and blood

pressure response to antihypertensive drugs
(3) Improvement of compliance
(4) Detection of white coat effect and masked hypertension
Shortcomings:
(1) Possible cause of anxiety
(2) Risk of self-medication
on antihypertensive therapy [121,122], with the resultant

reduction in the need to attend for medical check-ups

[123] (Box 9). Several national and international guide-

lines [6,99–102] do recommend the use of HBPM for

hypertension management.

Assessment of blood pressure control: white coat and

masked hypertensions in treated hypertensive patients

HPBM has the ability to provide information about BP

control outside the office, thereby allowing the identifi-

cation of treated hypertensive patients with WCH and

masked hypertension [124].

WCH (i.e. the presence of HBP control despite elevated

OBP) is highly prevalent in treated hypertensive patients

[18], meaning that many patients who appear to be

refractory to treatment in the doctor’s office may well

have adequately controlled BP at home. Although all

guidelines recommend the use of ABP measurements, in

those patients, in order to confirm or reject the diagnosis

of resistant hypertension [125], HBPM can also be useful.

The identification of treated patients with controlled

OBP and uncontrolled out-of-office BP may be even

more important because this condition appears to be

very common (42–50% of patients with controlled

OBP had elevated HBP in some studies [18,126]) and

is associated with similar cardiovascular risk as sustained

uncontrolled hypertension [18]. This condition is com-

monly termed ‘masked hypertension’ as in the diagnostic

approach to untreated patients, although the mechanisms

responsible for this phenomenon may be different in

treated than in untreated patients. Its high prevalence

in treated patients may be explained partly by the fact

that OBP is often taken at the time of the peak drug

effect, whereas HBP can be taken at trough, leading to

a discrepancy between these BP measurements which is

particularly evident when short-acting drugs are used.

Considering the difficulties in identifying patients with

WCH and masked hypertension in the clinic, ideally

HBPM should be performed in all treated hypertensive

patients, even if they have controlled OBP. The recom-

mendation to perform HBPM is even stronger in patients

likely to have masked hypertension [i.e. patients older

than 60 years and with high normal systolic OBP (130–

140 mmHg), smokers or male patients older than 70 years]

[127], as well as in patients with high normal OBP who
auth
are at a high risk of developing cardiovascular disease

(multiple risk factors, evidence of target organ damage,

associated morbidity, such as diabetes mellitus or renal

disease), and those with diagnosed cardiovascular

disease.

Use of home blood pressure monitoring in improving
adherence to treatment and blood pressure control
One of the most important causes of uncontrolled hyper-

tension is poor adherence to therapy. In fact, success with

lifestyle interventions in patients with chronic conditions

is often improved by encouraging patients to become

actively involved in their care. HBPM, being the BP

measurement method that requires particular coopera-

tion by the patient, may be particularly effective in

favourably affecting patients’ perceptions of their hyper-

tension and thereby may encourage them to be compliant

with lifestyle modifications and antihypertensive therapy.

In fact, it was shown that the use of HBPM is associated

with better compliance to treatment [128], which makes

this approach a particularly valuable adjunct in patients

with treatment-resistant hypertension due to poor com-

pliance [129]. Moreover, a meta-analysis of randomized

controlled trials that compared HBPM with usual care

showed that HBPM resulted in better BP control than

usual BP measurements in the healthcare system [121],

and this result could be observed earlier than with office

readings [130].

Importantly, as documented by a recent survey, HBPM is

increasingly accepted and utilized by primary care phys-

icians not only to assess the response to antihypertensive

therapy and the long-term follow-up of treated hyper-

tensive patients but also to improve patient compliance

[56].

Considering the difficulties in defining the characteristics

of patients with discrepancies between OBP and HBP

control, the prognostic importance of masked hyperten-

sion in treated hypertensive patients, and the likely

benefits in terms of patient involvement and compliance

with treatment, the Writing Committee recommends the

use of HBPM in all patients with treated hypertension

(Box 10).
orized reproduction of this article is prohibited.
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Special applications of home blood pressure
monitoring
Children
During the past few years, there has been a renewed

interest in measuring BP in children and adolescents

following the recognition that apart from the presence

of secondary hypertension, in most cases caused by renal

diseases, essential hypertension is common in adoles-

cents (Box 11). Furthermore, the long-term health

risk for hypertensive children and adolescents can be

substantial.

Hypertension in children has specific characteristics,

including a particularly poor predictive value of OBP,

use of population-based percentiles rather than single

thresholds for hypertension diagnosis, association with a

broad spectrum of underlying diseases, predominance of

secondary hypertension in the early years of life, with

increasing rate of essential hypertension in adolescence

[131]. Moreover, both WCH and masked hypertension

have been described in children [131].

Similarly, as in the adult population, in children and

adolescents also, BP variability, observer bias and the

white-coat effect limit the reliability of office measure-

ments [6]. Because of this, ABPM has become an estab-

lished instrument for the diagnosis of hypertension in

this population [132]. However, evidence supporting

the accuracy of oscillometric devices in children is very

limited (see www.dableducational.org).

The increasing availability of equipment for HBPM has

led to increasing interest in regular HBP measurements,

but the data on HBPM in children and adolescents

remain scarce. In particular, the factors that have limited

the use of HBPM in this population include very limited

data about validation of HBP monitors, lack of estab-

lished reference values, limited data about reproducibil-

ity, and difficulty in obtaining cooperation from children.
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Box 11. HBPM-related unresolved issues in special
populations

Population Unresolved issues
Children � Uncertain reference values

� Few devices validated
� Home BP monitoring schedule
� Diagnostic role

Elderly � BP variability
� Patient’s performance/compliance

Obese people � Need of validation of arm cuff and wrist devices
Arrhythmias � Reliability of automated devices

� Usefulness of built-in software for arrhythmia
indication

Pregnancy � Need for specific validation of digital devices
� Importance of sitting position
� Lack of established thresholds or management

algorithms
ESRD and

diabetes
� Reduced accuracy of the oscillometric devices

(due to arterial stiffness typical of these conditions?)
� Need to achieve a more aggressive BP target
Devices

Among the few validation studies of oscillometric

monitors in the paediatric age group, some produced

successful results, whereas others failed to pass a vali-

dation protocol (see Appendix A, Suggested reading).

Diagnostic thresholds

OBP in childhood and adolescents increases steadily

during growth and maturation, and adolescence is a fast

growth period during which body mass and BP change

rapidly [133]. For these reasons, reference BP values

specific for sex, age and/or height have been introduced

for children and adolescents by the Task Force For Blood

Pressure in Children [52]. However, in children and

adolescents, daytime ABP, HBP or OBP may differ to

a large extent, probably due to the high level of physical

activity in this population [134]. Interestingly, in younger

children, OBP appears to be lower than HBP, and this

difference is reduced with increasing age and disappears

after the age of 12 years [135]. So far, only one study has

attempted to provide normal HBP values in a population

aged from 6 to 18 years [108] (Table 4).

Reproducibility of HBPM in comparison with OBP and

ABP was investigated in a recent study on children and

adolescents [136]. As had been shown previously in adults

[82], HBPM was found to be more reproducible than

OBP and as reproducible as ABP [136].

Schedule

There are no recommendations regarding when and how

frequently HBPM should be measured in children. In

line with findings in adults [77,82], in children and

adolescents, a short period of HBPM (duplicate morning

and evening measurements on at least 3 days, preferably

on 7 days) provides a reliable assessment of the level of

BP at home [136].

In conclusion, although OBP measurement remains the

recommended method for the evaluation of BP in chil-

dren and adolescents, HBPM appears to have consider-

able potential for use in clinical practice and hypertension
rized reproduction of this article is prohibited.

Table 4 Proposed home blood pressure thresholds for clinical use
in children

Height (cm) N

Percentiles for boys
(n¼347)

N

Percentiles for girls
(n¼420)

50th 95th 50th 95th

120–129 23 105/64 119/76 36 101/64 119/74
130–139 51 108/64 121/77 51 103/64 120/76
140–149 39 110/65 125/77 61 105/65 122/77
150–159 41 112/65 126/78 71 108/66 123/77
160–169 45 115/65 128/78 148 110/66 124/78
170–179 91 117/66 132/78 46 112/66 125/79
180–189 57 121/67 134/79 7 114/67 128/80

Reproduced with permission from [108].

http://www.dableducational.org/


C

Home BP monitoring guidelines Parati et al. 1517
research in this population. However, more evidence is

needed regarding its methodology and clinical utility.

Elderly people
There are several features of hypertension in elderly

individuals which make the monitoring of BP out of

physician’s office particularly important in this popu-

lation. First, the prevalence of WCH is higher in elderly

hypertensive patients than in younger hypertensive

patients [137]. Second, elderly individuals are character-

ized by a more pronounced BP variability compared with

younger individuals [138], which by itself may be associ-

ated with an elevated cardiovascular risk [139], especially

when such high variability is related to an excessive BP

surge in morning hours [140]. Third, in elderly individ-

uals, autoregulation of the circulation of target organs

during excessive BP reduction is impaired and excessive

antihypertensive medication targeting OBP can cause

symptomatic hypotension, which may worsen treatment

compliance.

Although ABPM appears the most suitable technique to

diagnose the above problems, HBPM may also be a

useful tool to cope with these features and achieve

optimal individual 24-h BP control in the elderly indi-

viduals [141]. The role of HBPM in elderly individuals

(but also in other patients, e.g. those with obstructive

sleep apnoea) might increase with the introduction of

devices able to provide night-time BP measurements

[142,143].

The data from large prospective studies and clinical trials

using HBPM in the elderly individual are very limited.

Therefore, until more evidence is available, the threshold

of HBPM for diagnosis of hypertension and the target

HBP level of antihypertensive medication in the elderly

individual should be the same as in other adults, that is

135/85 mmHg.

In the elderly individual, it may be difficult to use HBPM

because of physical and intellectual limitations. Inte-

grated HBPM devices, with the ability to take multiple

automated BP measurements and to provide automated

storing and analysis of the data, should thus be preferred

in this population, and the assistance of other persons

(e.g. family members) may be necessary in some cases.

Importantly, HBPM in this population should be

measured both in the sitting and standing positions,

whenever orthostatic hypotension is suspected.

Obese people
The clinical evaluation of hypertension in obese individ-

uals [144] is complicated by the fact that the discre-

pancies between office and out-of-office BPs are more

common in this group than in the non-obese population.

In fact, the severity of obesity seems to be associated with

a higher prevalence of both WCH and masked hyperten-
opyright © Lippincott Williams & Wilkins. Unauth
sion, obesity being one of the main factors associated with

a higher HBP relative to OBP [118,145].

Another important difficulty in BP measurement (both in

the office and at home) in the obese individuals is related

to inappropriate cuff sizes, which may importantly affect

the accuracy of measurement. The use of a regular cuff

may lead to an overestimation of BP in obese individuals.

Although it is possible to adjust for cuff size after measur-

ing arm circumference, by referring to standardized

values, it is better and simpler to use the appropriate

cuff [146]. The appropriate cuff size in obese individuals

depends not only on the arm circumference but also on

its shape. A conical shaped arm, common in obese

individuals, makes it difficult to fit the cuff to the arm,

with a potential for inaccurate BP measurement. The use

of wrist devices may help avoid these difficulties and

represents a potential alternative for HBPM in obese

individuals, but further investigation and technological

improvement are needed.

Patients with arrhythmias
The use of HBPM in patients with arrhythmias raises

special concerns. In atrial fibrillation or frequent supra-

ventricular and ventricular extrasystoles, the stroke

volume varies depending on the preceding pulse interval

and causes a large variation of BP from beat to beat,

often making an accurate BP measurement difficult or

impossible. In atrial fibrillation, this phenomenon is more

evident in patients without rate control than in those with

rate control. Moreover, in patients with arrhythmias, the

use of beta-blockers or other antiarrhythmic drugs may

often be the cause of bradyarrhythmia, which may also

affect the accuracy of measurement.

Generally, there is no universally accepted method of BP

measurement in patients with arrhythmias, and BP devices

vary greatly in their ability to measure BP accurately

[147,148]. In particular, BP measurement is virtually

impossible with oscillometric devices, whose software is,

in most cases, unable to compute SBP and DBP values

accurately, especially in case of atrial fibrillation, unless

heart rate is adequately controlled by treatment. Research

into new solutions is ongoing, but as yet no devices can be

considered as validated in this setting. A potentially inter-

esting development is the availability of HBPM devices

with arrhythmia-detection algorithms, which may be use-

ful as an early alert when arrhythmias occur [6]. The

diagnostic accuracy of these algorithms requires validation

using appropriately designed protocols, however.

Because of the above problems with automated BP

monitors, the auscultatory method remains a viable option

for HBPM in patients with arrhythmias, if appropriately

trained. Several aspects should be taken into account when

auscultatory BP is measured in these patients. In patients

with atrial fibrillation, SBP is frequently overestimated and
orized reproduction of this article is prohibited.
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able 5 Meta-analysis of 10 studies in which validation of home
lood pressure monitoring devices was carried out in pregnant
omen with and without pre-eclampsia (PE)

Auscultatory (mercury) Intra-arterial

Pregnancy PE Pregnancy PE

dividuals (n) 597 176 8 30
ystolica �1.13 (5.80) �4.60 (8.04) 4.11 (10.95) �17.76 (10.12)
iastolica �1.20 (6.03) �5.16 (7.19) 3.00 (8.00) �8.17 (6.59)

Mean pressure difference between oscillometric measurement and, respectively,
uscultatory or intra-arterial measurement.
DBP underestimated, because the first Korotkoff sound is

not representative of SBP. However, this variability can be

overcome if the deflation rate is no faster than 2 mmHg per

heartbeat and more than three measurements are per-

formed. In the presence of a bradyarrhythmia (i.e. the

ventricular response lower than 40–45 beats/min) it is

important that the deflation rate is slower than for normal

heart rates, as an excessive deflation rate will lead to

underestimation of SBP and overestimation of DBP. In

summary, HBPM may sometimes be used in patients with

arrhythmias, when the likelihood of HBPM results being

affected by the rhythm disturbance is low. Devices with an

arrhythmia detection function might be useful in this

group of individuals but require further testing. In patients

with frequent or persistent arrhythmias, HBPM should not

be used as the sole diagnostic tool until a validated meth-

odology for BP estimation in these patients is developed.

Home blood pressure monitoring in pregnancy
Although assessing hypertension in pregnancy, BP

sampling errors, as found in current clinical practice,

may often result in diagnostic errors. In a survey of all

women with eclampsia in the UK, only just over half had

both hypertension and proteinuria detected prior to their

seizure, in spite of 85% being seen within a week of

presenting. Although pre-eclampsia involves much more

than hypertension, raised BP is a reliable way to identify

this condition, and home BP surveillance, in addition to

antenatal care, can only improve its detection.

HBPM, although at present not commonly practised in

this setting, has considerable potential in improving the

management of pregnant women. It can not only reduce

the number of antenatal visits without increasing anxiety

[149], but is also actually welcomed by women with

previous pre-eclampsia, who are particularly anxious

about having a recurrence.

There are no established thresholds or management

algorithms for managing hypertension in pregnant

patients with HBPM, although recent community guide-

lines have been established for visiting health pro-

fessionals [150]. The differences between HBP and

OBP are likely to be similar to those of non-pregnant

patients and must be considered when advising referral

thresholds. Also, given the potential immediate health

risks to both mother and baby, HBPM should be imple-

mented and a mechanism for same-day self-referral must

be in place to their local maternity unit or appropriate

health professional.

HBPM is almost exclusively performed with oscillo-

metric BP devices. There is a concern that only a few

oscillometric BP monitors are available that have been

shown to be accurate in pre-eclampsia, where the altered

haemodynamics often result in the underestimation of

BP. Therefore, only accurate devices should be recom-
opyright © Lippincott Williams & Wilkins. Unautho
mended. However, few devices have been validated in

pregnancy by methodologically acceptable studies (see

Appendix A, Suggested reading) (Table 5). A tendency to

underestimate BP, especially in pre-eclampsia, was

observed, but the degree of error does not necessarily

preclude their use in clinical practice. Some machines do,

however, have a large unacceptable error, and the recom-

mendation remains that each device intended for use in

an obstetric population should be specifically evaluated.

As recommended for OBP, HBPM should also be per-

formed with the woman seated or lying on her side at a

458 angle, with her arm at the level of the heart.

Home blood pressure monitoring in chronic renal failure
Patients with a decrease in glomerular filtration rate (GFR)

are likely to have co-existing hypertension, including a

reduced nocturnal dip in BP and not infrequently higher

night-time than daytime BP levels [151–153]. This is a

common finding also in patients undergoing haemodialysis

and continuous ambulatory peritoneal dialysis [154,155]

and after renal transplantation [156–158]. In addition to

the renal disease itself, frequently used drugs in these

patients (erythropoietin [159] and cyclosporine [160]) also

contribute to an increase in the prevalence and severity

of hypertension.

It has been clearly demonstrated that in patients with

chronic renal disease, adequate BP control reduces the

rate of decline in renal function [151], cardiovascular

morbidity and mortality. Consequently, an accurate

assessment of BP status is a key to the optimum manage-

ment of patient with reduced renal function.

In this scenario, HBPM is a recommended tool to help

obtain more reliable BP values in order to detect patients

with uncontrolled hypertension. The better prognostic

value of HBPM as compared with OBP has been recently

demonstrated, in terms of prediction of composite cardi-

ovascular events, ESRD or death, systolic HBP being an

independent predictor for ESRD in patients with chronic

renal failure [21,25].

Furthermore, in patients on haemodialysis, HBP, and not

predialysis or postdialysis BP, shares the combination of

high sensitivity and high specificity for the diagnosis of
T
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hypertension, using ABPM as a reference standard. HBP

is also a better correlate of left ventricular hypertrophy in

patients on haemodialysis compared with peridialysis BP

[35].

In patients on haemodialysis, HBPM should be used to

assess BP during the between-dialysis period. Although

predialysis BP seems to be related to total body water and

not the between-dialysis weight gain [161], postdialysis

BP depends on ultrafiltration. Monitoring BP at home

thus carries the potential to give us information useful to

select the best dialysis conditions.

Finally, it should be mentioned that in ESRD patients,

the accuracy of the oscillometric devices is reduced due

to arterial stiffness, and only a few of them have been

successfully validated in these patients [162]

Home blood pressure monitoring in patients
with diabetes
Problems with accuracy of oscillometric HBPM devices

due to arterial stiffness may be also found in patients with

diabetes [163]. Nonetheless, HBPM has been studied in

these patients and has been noted both to be similar or

superior to OBP in predicting ABPM measurements

[164]. The usefulness of HBPM in this population is

particularly related to its ability to detect masked hyper-

tension. Indeed, diabetic patients have a very high (47%)

prevalence of masked hypertension, detected with

HBPM, and are at a higher risk of developing brain

and kidney damage [119,165–167]. Hence, out-of-office

monitoring of BP should be performed in diabetic

patients whose OBP is normal, particularly in treated

patients, because of the possibility of obtaining infor-

mation on trough BP levels.

Although no studies attempted to define specifically the

treatment target for HBPM in the diabetic population,

one study demonstrated that HBP was a strong and

independent predictor of the deterioration of renal func-

tion in diabetic patients and that such deterioration was

present at relatively low HBP levels [38]. Based on these

observations, it was suggested that this target should be

lower than that of OBP [38].

Home blood pressure monitoring vs.
ambulatory blood pressure monitoring
ABPM was the first out-of-office technique that was

shown to improve significantly the management of hyper-

tensive patients [103]. However, ABPM is presently

recommended in selected patients only, because of the

cost of ABPM devices, the need for a trained clinic staff,

and the interference with patients’ usual activities [1,6].

HBPM shares several of the advantages of ABPM and is

less expensive, which supports the recommendation for

its extensive use in clinical practice [1,3]. Indeed, in the

last ESH BP measurement guidelines [6], ABPM and
opyright © Lippincott Williams & Wilkins. Unauth
HBPM were clearly proposed as synergic and not as

alternative techniques, able to provide complementary

information on BP in different conditions and over differ-

ent periods. Although in some studies no statistically

significant differences were found between HBPM and

daytime ABPM [77,168], lower BP values with HBPM

than with daytime ABPM were reported [169–171],

particularly in children and adolescents [134].

Reproducibility and diagnostic value
Both HBPM and ABPM show similar reproducibility,

which is better than that of OBP [82,172–174], although

the correlation between them is not so high [88,170].

HBP tends to correlate better with 24-h ABP than with

daytime or nocturnal ABP [88]. Significant, although

limited, correlation was also demonstrated between the

white-coat effects based on HBPM and ABPM [103].

Also, the prevalence of WCH and masked hypertension

diagnosed using either ABPM or HBPM were similar in

several studies [115,116,168]; however, in a direct com-

parison of these two methods, only half of the patients

were defined as having masked hypertension on the basis

of both ABPM and HBPM, whereas in the remaining

ones, the diagnosis was made by one method but not by

the other [115,116]. In addition, it should be pointed out

that in the majority of patients in whom the diagnosis of

masked hypertension was made with only one method,

the disagreement between the two methods was small

(<5 mmHg), suggesting that this discrepancy depended

heavily on the fact that BP values were close to diagnostic

cut-offs [103,168].

The notion that ABPM and HBPM may have different

value in WCH diagnosis led to the proposal of an algor-

ithm whereby HBPM was used in individuals, otherwise

considered at low risk, with ‘office’ hypertension. If

HBPM is normal, an ABPM should be ordered to confirm

the diagnosis of WCH. The cost-effectiveness of such an

approach has not been tested, but it was demonstrated

that OBP and HBP may indicate sustained hypertension

in almost 40% of patients who have WCH according to

ABPM [175]. Therefore, no firm recommendation can be

made at this point as to the relative place of HBPM and

ABPM in the diagnosis of WCH or masked hypertension.

An individualized approach taking into account the

patient’s characteristics (BP values, cardiovascular risk,

target organ damage) and availability of HBPM and

ABPM seems a reasonable option. In case of disagree-

ment between methods, ABPM should probably take

precedence because of the huge amount of outcome data

available for this technique.

Prognostic value

Several, although not all [176], studies have documented

that the average levels of HBP [22,116,177,178] and ABP

[22,116,178,179] correlate with organ damage better than

does OBP. Direct comparisons of ABPM and HBPM did
orized reproduction of this article is prohibited.
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not identify significant differences between them in terms

of correlation with left ventricular mass index or micro-

albuminuria [25,28]. Also, WCH and masked hypertension

diagnosed with either method have similar relationships

with left ventricular mass index and wall thickness

[116]. The superiority of ABP over OBP in predicting

risk of morbid events is well documented [6], although

few published studies support a closer relationship of

HBP compared with OBP with cardiovascular outcomes

(see Home blood pressure monitoring and prognosis). The

predictive value of selective and combined elevation

in OBP, ABP and HBP for mortality was assessed in

the PAMELA study: a selective elevation in HBP vs.

ABP values or vice versa carried an increased risk. The

overall ability to predict death, however, was not greater

for HBP and ABP than for OBP [20].

Available data indicate thus that ABP has similar or

higher prognostic value than HBP, in particular when

considering the prognostic value of nocturnal ABP.

Blood pressure control by treatment

Studies comparing antihypertensive treatment based on

ABP and HBP instead of OBP showed, in either case, less

intensive drug treatment and less BP control with fairly

similar costs [103,170]. These studies, however, were

limited by use of the same normalcy thresholds for

OBP and HBP. When treatment decisions driven either

by ABPM or HBPM were directly compared, no differ-

ence in BP changes was seen [180]. A relatively low (75%)

agreement between ABPM and HBPM has been

reported in the evaluation of poorly controlled hyperten-

sion, HBPM classifying a lower proportion of patients as

WCH than ABPM [178].
opyright © Lippincott Williams & Wilkins. Unautho

Table 6 Comparison of main features of ambulatory blood pressure
monitoring and home blood pressure monitoring

Feature ABPM HBPM

Daytime BP þ þ þ þ
Night-time BP and dipping þ þ �
Morning BP þ þ þ
24-h BP variability þ þ �
Long-term BP variability � þ þ
WCH and MH diagnosis þ þ þ þ
Placebo effect � �
Reproducibility þ þ þ þ
Prognostic value þ þ þ þ
Patient involvement � þ þ
Patient training � þ þ
Physician involvement þþ þ
Patients’ acceptance � þ þ
Monitoring treatment effects Extensive information

on diurnal BP
profile, can not be
repeated frequently

Appropriate for
long-term monitoring,
limited information
on BP profile

Hypertension control
improvement

þ þþ

Cost High Low
Availability Low High

ABPM, ambulatory blood pressure monitoring; BP, blood pressure; HBPM, home
blood pressure monitoring; MH, masked hypertension; WCH, white-coat
hypertension.
The above considerations indicate that HBPM should be

considered not as a substitute for but as a complement of

ABP (Table 6) [168]. From a clinical standpoint, obtain-

ing information on either OBP, HBP and ABP may

represent the ideal clinical procedure. Low sensitivity

and positive predictive value (vs. ABPM) are important

limitations for HBPM if it is to be considered as a

screening test.

Home blood pressure monitoring: research
applications
Given the availability of validated, fully automated oscil-

lometric BP measuring devices, it becomes more and

more attractive to include HBPM in the evaluation of the

BP-lowering effects of antihypertensive drugs [4,125]

(Box 12). HBPM has several advantages over OBP in

this indication.
(1) H
riz

B
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(1
(2
(3
(4
(5
(6
(7
(8
(9
(1
we
BPM provides multiple BP readings, thereby

improving the precision and the reproducibility

of measurements compared with office readings

[79,130,181]. The SD of the mean difference

between two sets of measurements (an index of

measurement stability) based on HBPM is about half

as much as that derived from OBP readings [182].
(2) O
wing to its better accuracy and reproducibility,

HBPM increases the statistical power of comparative

studies, making it possible to minimize the number

of patients to be included in clinical trials [181].
(3) H
BPM may be useful as a guide to initiate and titrate

antihypertensive therapy in the research setting [103].
(4) H
BPM allows the identification of patients with

WCH or masked hypertension, and therefore better

defines the BP normalization rate achieved by various

drug regimens [116,183,184].
(5) T
he placebo effect, frequently observed when BP

is conventionally measured in a clinic setting, is

minimal or even absent using HBPM [80,130]. This

facilitates greatly the design and the conduct of

clinical trials.
(6) H
BPM offers the opportunity to assess the duration

of action of antihypertensive drugs. This can be done

by measuring BP at trough, before the morning dose,

and again when the full effect of the drug is expected,

for instance at midday or in the evening [141,185].
ed reproduction of this article is prohibited.

ox 12. Usefulness of HBPM in clinical trials

vantages:
) Availability of multiple BP readings, affording a better reproducibility
) Reduction of the sample size of patients to be included
) Guidance of treatment (initiation and titration)
) Identification of patients with WCH or masked hypertension
) Minimization of placebo effect
) Assessment of the duration of action of antihypertensive drugs (M/E ratio)
) Possibility to measure BP during prolonged periods
) Improvement of compliance
) Management of unexplained vertigo or fatigue (SBP <100 mmHg)
0) Time until antihypertensive drugs have maximum effect (in days or
eks) can be analysed
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Based on these measurements, it is possible to

calculate the morning : evening (M/E) ratio, which

may provide similar information to the trough : peak

ratio, an index widely used to reflect the duration of

action of antihypertensive drugs [130,141].
(7) H
BPM can be carried out for weeks or months,

providing valuable information on the BP changes

occurring during the whole trial.
(8) I
mplementing HBPM into clinical trials may be

motivating for patients, thereby contributing to

improved compliance and BP control [121].
The reliability of HBPM increases with the number of

BP readings available for analysis [79,89], therefore, a

proper schedule of monitoring should be implemented.

To make the results of studies employing HBPM com-

parable, it is advisable that a standardized schedule is

used, unless there are specific reasons to modify it. If the

results of clinical studies are to be translated in practice,

an identical schedule as recommended for a clinical

setting should also be used in research (see above).

In clinical trials, only validated electronic BP monitors

should be used, with preference for those with memory

for storage of readings or for devices with a printout of BP

values or data download on a PC, in order to prevent

reporting bias [52,186]. For this reason, ideally, the same

device should be used to measure BP at home and in the

clinic setting.

Conclusion
This paper has summarized the information on the use of

HBPM in clinical practice and research presently available

in published papers. The large amount of new data avail-

able has required a substantial revision of the previous

recommendations on the same topic issued in 2000 [4].

While reviewing these data, heterogeneous data were

often found. In fact, when considering HBPM, there are

not only areas of convincing evidence but also areas of

uncertainty in which more studies are still needed. Further

progress in this field will be made possible by future

research, taking advantage of the rapid development in

technology of BP-measuring devices. Additional knowl-

edge will be offered by the increasing amount of evidence

provided by population studies and randomized trials on

hypertension management, exploring the added value

related to the information provided by HBPM.

Implementation of experts’ recommendations on HBPM

in clinical practice requires close interaction with general

practitioners. Such an interaction is presently being

aimed at in different countries, and should lead to a

sharing of goals and methods of HBPM between scien-

tists and general practitioners at a local level, aimed at

favouring the largest possible diffusion of this approach.

Finally, further progress in this field will require closer

cooperation between scientists and manufacturers. On
yright © Lippincott Williams & Wilkins. Unauth
the one hand, scientists have to identify and propose the

type of information that a given BP-measuring device

should be able to provide to the clinician, whereas,

on the other hand, manufacturers should be receptive

to suggestions and translate them into new features

for HBPM devices to make them more responsive to

clinical needs, both in terms of hardware and software

development.

This paper would be incomplete without a set of instruc-

tions for patients/users. This simple how-to-do set of

information is being prepared and will be published as

a separate paper.

When outlining the fields in which future research could

be most useful, the following topics, already highlighted

in the 2000 consensus document on HBPM, should be

considered:
(1) D
ori
evelopment and production of an ‘adjustable cuff’,

which may be applicable to all adult arms, in order to

avoid the inaccuracy induced by miscuffing.
(2) M
ore attention to be paid to haemodynamic

parameters other than BP, which are becoming im-

portant in cardiovascular evaluation, such as heart rate,

pulse pressure, central BP and pulse wave velocity.
(3) A
pplication of a single international standard protocol

for the validation of all BP-measuring devices must

be encouraged to allow for comparison between

studies performed in different places according to a

similar methodology. This should be coupled with

procedures to review the validation papers, to ensure

their unbiased reliability.
(4) D
etermination of HBPM reference values not only

for SBP and DBP but also for heart rate and pulse

pressure, which appear to be independently related

to cardiovascular prognosis.
(5) M
ore prospective studies to evaluate the prognostic

values of the proposed thresholds of HBPM normality.
(6) S
tudies to determine the reference values of HBP

and the diagnostic usefulness of HBPM in specific

populations (children, pregnant woman, elderly

individuals, patients with diabetes or CKD). These

studies may be completed by the evaluation of the

feasibility of HBPM and of device validity in these

specific populations.
(7) S
pecific studies to compare the prognostic values of

OBP, HBP and ABP measurements are needed.

These studies may use markers of target organ

damage and progression of hypertension as endpoints

in addition to, or instead of, mortality and morbidity.

Evaluation of the prognostic impact of different

HBPM protocols and the number and the frequency

of measurements is also desirable.
(8) S
tudies to determine the role of HBPM in resistant

hypertension and its comparison with the role of OBP

and ABP measurements are needed in order to define

the appropriate management strategy.
zed reproduction of this article is prohibited.
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ongitudinal studies to define the target value of

HBP in treated hypertensive patients on a prognostic

basis are needed.
Finally, the evidence gathered so far on the clinical value

of HBPM in daily practice should promote reimbursement

of the costs related to this approach by insurance compa-

nies as well as by public and private healthcare systems.

Acknowledgements
The Writing Committee is very grateful to
(1) t
he European Society of Hypertension for its support

and endorsement;
(2) t
he Blood Pressure Monitoring Journal and the Journal
of Hypertension for their contribution and sponsor-

ships;
(3) M
icrolife Ltd, Novartis France, Novartis Italy,

Omron Japan Ltd, for their contribution and financial

support;
(4) M
ariaconsuelo Valentini MD, Stefano Omboni MD,

Licia Pietrobon PhD, Luca Grappiolo MSc, for

their help in organizing the Consensus Meeting in

Verbania.

ument reviewers: Denis L. Clement (Department of
Doc

the Dean, Ghent University Hospital, Ghent, Belgium),
Eamon Dolan (Cambridge University Hospitals NHS

Foundation Trust, Addenbrookes Hospital, Cambridge,

UK), Robert Fagard (Hypertension and Cardiovascular

Rehabilitation Unit, Faculty of Medicine, University of

Leuven, Belgium), Tine W. Hansen (Research Center

for Prevention and Health, Copenhagen, Denmark),

Jean-Michel Mallion (Service de Cardiologie et hyper-

tension artérielle, CHU, Grenoble, France), Martin G.

Myers (Division of Cardiology, Sunnybrook Health

Sciences Centre, Toronto, Canada), Stefano Omboni

(Italian Institute of Telemedicine, Varese, Italy), Maria-

consuelo Valentini (Department of Clinical Medicine

and Prevention, University of Milano-Bicocca and

Department of Cardiology, S. Luca Hospital, Istituto

Auxologico Italiano, Milan, Italy), Paolo Verdecchia

(Department of Cardiology, Hospital S. Maria della

Misericordia, Perugia, Italy), Ji-Guang Wang (Centre

for Epidemiological Studies and Clinical Trials, Ruijin

Hospital, Shanghai Jiaotong University Medical

School, China), William B. White (Department of

Medicine, University of Connecticut School of Medicine,

Farmington, USA).

References
1 Mancia G, De Backer G, Dominiczak A, Cifkova R, Fagard R, Germano G,

et al. 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.

2 Guidelines Committee. 2003 European Society of Hypertension-
European Society of Cardiology guidelines for the management of arterial
hypertension. J Hypertens 2003; 21:1011–1053.
right © Lippincott Williams & Wilkins. Unautho
3 Chobanian AV, Bakris GL, Black HR, Cushman WC, Green LA, Izzo JL Jr,
et al. 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.

4 Asmar R, Zanchetti A. Guidelines for the use of self-blood pressure
monitoring: a summary report of the First International Consensus
Conference. J Hypertens 2000; 18:493–508.

5 Parati G, Bilo G, Mancia G. Blood pressure measurement in research and
in clinical practice: recent evidence. Curr Opin Nephrol Hypertens 2004;
13:343–357.

6 O’Brien E, Asmar R, Beilin L, Imai Y, Mallion JM, Mancia G, et al. European
Society of Hypertension recommendations for conventional, ambulatory
and home blood pressure measurement. J Hypertens 2003; 21:821–
848.

7 Parati G, Ulian L, Santucciu C, Omboni S, Mancia G. Difference between
clinic and daytime blood pressure is not a measure of the white coat
effect. Hypertension 1998; 31:1185–1189.

8 Pickering TG, Davidson K, Gerin W, Schwartz JE. Masked hypertension.
Hypertension 2002; 40:795–796.

9 Parati G, Mendis S, Abegunde D, Asmar R, Mieke S, Murray A, et al.
Recommendations for blood pressure measuring devices for office/clinic
use in low resource settings. Blood Press Monit 2005; 10:3–10.

10 Ohkubo T, Imai Y, Tsuji I, Nagai K, Kato J, Kikuchi N, et al. Home blood
pressure measurement has a stronger predictive power for mortality than
does screening blood pressure measurement: a population-based
observation in Ohasama, Japan. J Hypertens 1998; 16:971–975.

11 Hozawa A, Ohkubo T, Nagai K, Kikuya M, Matsubara M, Tsuji I, et al.
Prognosis of isolated systolic and isolated diastolic hypertension as
assessed by self-measurement of blood pressure at home: the Ohasama
study. Arch Intern Med 2000; 160:3301–3306.

12 Ohkubo T, Asayama K, Kikuya M, Metoki H, Hoshi H, Hashimoto J, et al.
How many times should blood pressure be measured at home for better
prediction of stroke risk? Ten-year follow-up results from the Ohasama
study. J Hypertens 2004; 22:1099–1104.

13 Asayama K, Ohkubo T, Kikuya M, Metoki H, Obara T, Hoshi H, et al. Use of
2003 European Society of Hypertension-European Society of Cardiology
guidelines for predicting stroke using self-measured blood pressure at
home: the Ohasama study. Eur Heart J 2005; 26:2026–2031.

14 Ohkubo T, Asayama K, Kikuya M, Metoki H, Obara T, Saito S, et al.
Prediction of ischaemic and haemorrhagic stroke by self-measured blood
pressure at home: the Ohasama study. Blood Press Monit 2004; 9:315–
320.

15 Asayama K, Ohkubo T, Kikuya M, Metoki H, Hoshi H, Hashimoto J, et al.
Prediction of stroke by self-measurement of blood pressure at home
versus casual screening blood pressure measurement in relation to the
Joint National Committee 7 classification: the Ohasama study. Stroke
2004; 35:2356–2361.

16 Nishinaga M, Takata J, Okumiya K, Matsubayashi K, Ozawa T, Doi Y. High
morning home blood pressure is associated with a loss of functional
independence in the community-dwelling elderly aged 75 years or older.
Hypertens Res 2005; 28:657–663.

17 Okumiya K, Matsubayashi K, Wada T, Fujisawa M, Osaki Y, Doi Y, et al. A
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.

18 Bobrie G, Chatellier G, Genes N, Clerson P, Vaur L, Vaisse B, et al.
Cardiovascular prognosis of ‘masked hypertension’ detected by blood
pressure self-measurement in elderly treated hypertensive patients. JAMA
2004; 291:1342–1349.

19 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.

20 Sega R, Facchetti R, Bombelli M, Cesana G, Corrao G, Grassi G, et al.
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.

21 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.

22 Fagard RH, Van Den BC, 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.

23 Stergiou GS, Baibas NM, Kalogeropoulos PG. Cardiovascular risk
prediction based on home blood pressure measurement: the Didima
study. J Hypertens 2007; 25:1590–1596.
rized reproduction of this article is prohibited.



C

Home BP monitoring guidelines Parati et al. 1523
24 Asayama K, Ohkubo T, Kikuya M, Obara T, Metoki H, Inoue R, et al.
Prediction of stroke by home ‘morning’ versus ‘evening’ blood pressure
values: the Ohasama study. Hypertension 2006; 48:737–743.

25 Agarwal R, Andersen MJ. Blood pressure recordings within and outside
the clinic and cardiovascular events in chronic kidney disease. Am J
Nephrol 2006; 26:503–510.

26 Shimbo D, Pickering TG, Spruill TM, Abraham D, Schwartz JE, Gerin W.
Relative utility of home, ambulatory, and office blood pressures in the
prediction of end-organ damage. Am J Hypertens 2007; 20:476–482.

27 Abe H, Yokouchi M, Saitoh F, Deguchi F, Kimura G, Kojima S, et al.
Hypertensive complications and home blood pressure: comparison with
blood pressure measured in the doctor’s office. J Clin Hypertens 1987;
3:661–669.

28 Tomiyama M, Horio T, Yoshii M, Takiuchi S, Kamide K, Nakamura S, et al.
Masked hypertension and target organ damage in treated hypertensive
patients. Am J Hypertens 2006; 19:880–886.

29 Stergiou GS, Argyraki KK, Moyssakis I, Mastorantonakis SE, Achimastos
AD, Karamanos VG, et al. Home blood pressure is as reliable as
ambulatory blood pressure in predicting target-organ damage in
hypertension. Am J Hypertens 2007; 20:616–621.

30 Niiranen TJ, Jula AM, Kantola IM, Karanko H, Reunanen A. Home-
measured blood pressure is more strongly associated with
electrocardiographic left ventricular hypertrophy than is clinic blood
pressure: the Finn-HOME study. J Hum Hypertens 2007; 21:788–794.

31 Tsunoda S, Kawano Y, Horio T, Okuda N, Takishita S. Relationship between
home blood pressure and longitudinal changes in target organ damage in
treated hypertensive patients. Hypertens Res 2002; 25:167–173.

32 Tachibana R, Tabara Y, Kondo I, Miki T, Kohara K. Home blood pressure is
a better predictor of carotid atherosclerosis than office blood pressure in
community-dwelling subjects. Hypertens Res 2004; 27:633–639.

33 Hara A, Ohkubo T, Kikuya M, Shintani Y, Obara T, Metoki H, et al.
Detection of carotid atherosclerosis in individuals with masked
hypertension and white-coat hypertension by self-measured blood
pressure at home: the Ohasama study. J Hypertens 2007; 25:321–327.

34 Matsui Y, Eguchi K, Ishikawa J, Hoshide S, Shimada K, Kario K.
Subclinical arterial damage in untreated masked hypertensive subjects
detected by home blood pressure measurement. Am J Hypertens 2007;
20:385–391.

35 Niiranen T, Jula A, Kantola I, Moilanen L, Kahonen M, Kesaniemi YA, et al.
Home-measured blood pressure is more strongly associated with
atherosclerosis than clinic blood pressure: the Finn-HOME Study.
J Hypertens 2007; 25:1225–1231.

36 Agarwal R. Hypertension diagnosis and prognosis in chronic kidney
disease with out-of-office blood pressure monitoring. Curr Opin Nephrol
Hypertens 2006; 15:309–313.

37 Mancia G, Zanchetti A, Agabiti RE, Benemio G, De Cesaris R, Fogari R,
et al. Ambulatory blood pressure is superior to clinic blood pressure in
predicting treatment-induced regression of left ventricular hypertrophy.
SAMPLE Study Group. Study on Ambulatory Monitoring of Blood
Pressure and Lisinopril Evaluation. Circulation 1997; 95:1464–1470.

38 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.

39 Palatini P, Winnicki M, Santonastaso M, De Venuto G, Zanata G, Bertolo
O, et al. Reproducibility of heart rate measured in the clinic and with 24-h
intermittent recorders. Am J Hypertens 2000; 13:92–98.

40 Palatini P, Thijs L, Staessen JA, Fagard RH, Bulpitt CJ, Clement DL, et al.
Predictive value of clinic and ambulatory heart rate for mortality in elderly
subjects with systolic hypertension. Arch Intern Med 2002; 162:2313–
2321.

41 Aronow WS, Ahn C, Mercando AD, Epstein S. Association of average
heart rate on 24-h ambulatory electrocardiograms with incidence of new
coronary events at 48-month follow-up in 1311 patients (mean age
81 years) with heart disease and sinus rhythm. Am J Cardiol 1996;
78:1175–1176.

42 Hozawa A, Ohkubo T, Kikuya M, Ugajin T, Yamaguchi J, Asayama K, et al.
Prognostic value of home heart rate for cardiovascular mortality in the
general population: the Ohasama study. Am J Hypertens 2004;
17:1005–1010.

43 Parati G, Ulian L, Santucciu C, Omboni S, Mancia G. Blood pressure
variability, cardiovascular risk and antihypertensive treatment. J Hypertens
Suppl 1995; 13:S27–S34.

44 Mancia G, Bertinieri G, Grassi G, Parati G, Pomidossi G, Ferrari A, et al.
Effects of blood-pressure measurement by the doctor on patient’s blood
pressure and heart rate. Lancet 1983; 2:695–698.

45 Sala C, Santin E, Rescaldani M, Magrini F. How long shall the patient rest
before clinic blood pressure measurement? Am J Hypertens 2006;
19:713–717.
opyright © Lippincott Williams & Wilkins. Unauth
46 Silverberg DS, Shemesh E, Iaina A. The unsupported arm: a cause of
falsely raised blood pressure readings. BMJ 1977; 2:1331.

47 Mourad A, Gillies A, Carney S. Inaccuracy of wrist-cuff oscillometric blood
pressure devices: an arm position artefact? Blood Press Monit 2005;
10:67–71.

48 Uen S, Weisser B, Wieneke P, Vetter H, Mengden T. Evaluation of the
performance of a wrist blood pressure measuring device with a position
sensor compared to ambulatory 24-h blood pressure measurements.
Am J Hypertens 2002; 15:787–792.

49 Eguchi K, Yacoub M, Jhalani J, Gerin W, Schwartz JE, Pickering TG.
Consistency of blood pressure differences between the left and right
arms. Arch Intern Med 2007; 167:388–393.

50 Gosse P. Blood pressure should be measured in both arms on the first
consultation. J Hypertens 2002; 20:1045–1046.

51 Sprafka JM, Strickland D, Gomez-Marin O, Prineas RJ. The effect of cuff
size on blood pressure measurement in adults. Epidemiology 1991;
2:214–217.

52 US Department of Health and Human Services, National Institutes of
Health. National Heart, Lung, and Blood Institute. The Fourth Report on
the Diagnosis, Evaluation, and Treatment of High Blood Pressure in
Children and Adolescents. Pediatrics 2004; 114:555–576.

53 Mengden T, Hernandez Medina RM, Beltran B, Alvarez E, Kraft K, Vetter
H. Reliability of reporting self-measured blood pressure values by
hypertensive patients. Am J Hypertens 1998; 11:1413–1417.

54 Stergiou GS, Efstathiou SP, Alamara CV, Mastorantonakis SE, Roussias
LG. Home or self blood pressure measurement? What is the correct
term? J Hypertens 2003; 21:2259–2264.

55 Stryker T, Wilson M, Wilson TW. Accuracy of home blood pressure
readings: monitors and operators. Blood Press Monit 2004; 9:143–147.

56 Logan AG, Dunai A, McIsaac WJ, Irvine MJ, Tisler A. Attitudes of primary
care physicians and their patients about home blood pressure monitoring
in Ontario. J Hypertens 2008; 26:446–452.

57 Tisler A, Dunai A, Keszei A, Fekete B, Othmane TH, Torzsa P, et al.
Primary-care physicians’ views about the use of home/self blood pressure
monitoring: nationwide survey in Hungary. J Hypertens 2006; 24:1729–
1735.

58 Zillich AJ, Sutherland JM, Kumbera PA, Carter BL. Hypertension
outcomes through blood pressure monitoring and evaluation by
pharmacists (HOME study). J Gen Intern Med 2005; 20:1091–1096.

59 O’Brien E. Replacing the mercury sphygmomanometer. Requires clinicians
to demand better automated devices. BMJ 2000; 320:815–816.

60 O’Brien E. Consequences of banning mercury and the cuff controversy.
Blood Press Monit 2000; 5:33–34.

61 Beevers G, Lip GY, O’Brien E. ABC of hypertension: blood pressure
measurement. Part II: Conventional sphygmomanometry: technique of
auscultatory blood pressure measurement. BMJ 2001; 322:1043–1047.

62 O’Brien E, Waeber B, Parati G, Staessen J, Myers MG. Blood pressure
measuring devices: recommendations of the European Society of
Hypertension. BMJ 2001; 322:531–536.

63 Parati G, Asmar R, Stergiou GS. Self blood pressure monitoring at home
by wrist devices: a reliable approach? J Hypertens 2002; 20:573–578.

64 O’Brien E, Petrie J, Littler W, de Swiet M, Padfield PL, O’Malley K, et al.
The British Hypertension Society protocol for the evaluation of automated
and semi-automated blood pressure measuring devices with special
reference to ambulatory systems. J Hypertens 1990; 8:607–619.

65 O’Brien E, Pickering T, Asmar R, Myers M, Parati G, Staessen J, et al.
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.

66 Omboni S, Costantini C, Pini C, Bulegato R, Manfellotto D, Rizzoni D, et al.
PA. NET International Quality Certification for blood pressure monitors.
Blood Press Monit (in press).

67 Atkins N, O’Brien E. The dabl Educational Trust device equivalence
procedure. Blood Press Monit 2007; 12:246–249.

68 Coleman AJ, Steel SD, Ashworth M, Vowler SL, Shennan A. Accuracy of
the pressure scale of sphygmomanometers in clinical use within primary
care. Blood Press Monit 2005; 10:181–188.

69 Mengden T, Uen S, Baulmann J, Vetter H. Significance of blood pressure
self-measurement as compared with office blood pressure measurement
and ambulatory 24-h blood pressure measurement in pharmacological
studies. Blood Press Monit 2003; 8:169–172.

70 Pickering TG, Gerin W, Holland JK. Home blood pressure
teletransmission for better diagnosis and treatment. Curr Hypertens Rep
1999; 1:489–494.

71 De Luca N, Izzo R, Iaccarino G, Malini PL, Morisco C, Rozza F, et al. The
use of a telematic connection for the follow-up of hypertensive patients
improves the cardiovascular prognosis. J Hypertens 2005; 23:1417–
1423.
orized reproduction of this article is prohibited.



C

1524 Journal of Hypertension 2008, Vol 26 No 8
72 Mengden T, Ewald S, Kaufmann S, vor dem Esche J, Uen S, Vetter H.
Telemonitoring of blood pressure self measurement in the OLMETEL
study. Blood Press Monit 2004; 9:321–325.

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

74 Bobrie G, Delonca J, Moulin C, Giacomino A, Postel-Vinay N, Asmar R. A
home blood pressure monitoring study comparing the antihypertensive
efficacy of two angiotensin II receptor antagonist fixed combinations. Am J
Hypertens 2005; 18:1482–1488.

75 Parati G, Stergiou G. Self blood pressure measurement at home: how
many times? J Hypertens 2004; 22:1075–1079.

76 Kario K, Ishikawa J, Pickering TG, Hoshide S, Eguchi K, Morinari M,
et al. Morning hypertension: the strongest independent risk factor for
stroke in elderly hypertensive patients. Hypertens Res 2006; 29:581–
587.

77 Stergiou GS, Skeva II, Zourbaki AS, Mountokalakis TD. Self-monitoring of
blood pressure at home: how many measurements are needed?
J Hypertens 1998; 16:725–731.

78 De Gaudemaris R, Chau NP, Mallion JM. Home blood pressure: variability,
comparison with office readings and proposal for reference values.
Groupe de la Mesure, French Society of Hypertension. J Hypertens 1994;
12:831–838.

79 Chatellier G, Day M, Bobrie G, Menard J. Feasibility study of N-of-1 trials
with blood pressure self-monitoring in hypertension. Hypertension 1995;
25:294–301.

80 Imai Y, Ohkubo T, Hozawa A, Tsuji I, Matsubara M, Araki T, et al.
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.

81 Chatellier G, Dutrey-Dupagne C, Vaur L, Zannad F, Genes N, Elkik F, et al.
Home self blood pressure measurement in general practice. The SMART
study. Self-measurement for the Assessment of the Response to
Trandolapril. Am J Hypertens 1996; 9:644–652.

82 Stergiou GS, Baibas NM, Gantzarou AP, Skeva II, Kalkana CB, Roussias
LG, et al. Reproducibility of home, ambulatory, and clinic blood pressure:
implications for the design of trials for the assessment of antihypertensive
drug efficacy. Am J Hypertens 2002; 15:101–104.

83 Mengden T, Chamontin B, Phong CN, Luis Palma GJ, Chanudet X. User
procedure for self-measurement of blood pressure. First International
Consensus Conference on Self Blood Pressure Measurement. Blood
Press Monit 2000; 5:111–129.

84 Parati G, Pomidossi G, Casadei R, Mancia G. Lack of alerting reactions to
intermittent cuff inflations during noninvasive blood pressure monitoring.
Hypertension 1985; 7:597–601.

85 Stergiou GS, Zourbaki AS, Skeva II, Mountokalakis TD. White coat
effect detected using self-monitoring of blood pressure at home:
comparison with ambulatory blood pressure. Am J Hypertens 1998;
11:820–827.

86 Stergiou GS, Efstathiou SP, Skeva II, Baibas NM, Kalkana CB,
Mountokalakis TD. Assessment of drug effects on blood pressure and
pulse pressure using clinic, home and ambulatory measurements. J Hum
Hypertens 2002; 16:729–735.

87 Brook RD. Home blood pressure: accuracy is independent of monitoring
schedules. Am J Hypertens 2000; 13:625–631.

88 Verberk WJ, Kroon AA, Kessels AG, Lenders JW, Thien T, van Montfrans
GA, et al. The optimal scheme of self blood pressure measurement as
determined from ambulatory blood pressure recordings. J Hypertens
2006; 24:1541–1548.

89 Stergiou GS, Parati G. The optimal schedule for self-monitoring of blood
pressure by patients at home. J Hypertens 2007; 25:1992–1997.

90 Imai Y, Obara T, Ohkubo T. How many times should we ask subjects to
measure blood pressure at home on each occasion? J Hypertens 2007;
25:1987–1991.

91 Tsuji I, Imai Y, Nagai K, Ohkubo T, Watanabe N, Minami N, et al. 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.

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

93 Thijs L, Staessen JA, Celis H, Fagard R, De Cort P, De Gaudemaris R,
et al. The international database of self-recorded blood pressures in
normotensive and untreated hypertensive subjects. Blood Press Monit
1999; 4:77–86.

94 Ogihara T, Hiwada K, Morimoto S, Matsuoka H, Matsumoto M, Takishita
S, et al. Guidelines for the treatment of hypertension in the elderly – 2002
revised version. Hypertens Res 2003; 26:1–36.
opyright © Lippincott Williams & Wilkins. Unautho
95 Stergiou G, Mengden T, Padfield P, O’Brien E, on behalf of the Working
Group on Blood Pressure Monitoring of the European Society of
Hypertension. Self monitoring of blood pressure at home is an important
adjunct to clinic measurement. BMJ 2004; 329:870–871.

96 Hemmelgarn BR, Zarnke KB, Campbell NRC, Feldman RD, McKay DW,
McAlister FA, et al. The 2004 Canadian Hypertension Education Program
recommendations for the management of hypertension. Part I: Blood
pressure management, diagnosis and assessment of risk. Can J Cardiol
2004; 20:31–40.

97 O’Brien E, Asmar R, Beilin L, Imai Y, Mancia G, Mengden T, et al.
Practice guidelines of the European Society of Hypertension for clinic,
ambulatory and self blood pressure measurement. J Hypertens 2005;
23:697–701.

98 British Cardiac Society, British Hypertension Society, Diabetes UK,
HEART UK, Primary Care Cardiovascular Society, The Stroke
Association. JBS 2: Joint British Societies’ guidelines on prevention of
cardiovascular diseases in clinical practice. Heart 2006; 91:1–52.

99 Williams B, Poulter NR, Brown MJ, Davis M, McInnes GT, Potter JF, et al.
Guidelines for management of hypertension: report of the fourth working
party of the British Hypertension Society, 2004-BHS IV. J Hum Hypertens
2004; 18:139–185.

100 World Health Organization International Society of Hypertension Writing
Group. 2003 World Health Organization (WHO)/International Society of
Hypertension (ISH) statement on management of hypertension.
J Hypertens 2003; 21:1983–1992.

101 Imai Y, Otsuka K, Kawano Y, Shimada K, Hayashi H, Tochikubo O, et al.
Japanese society of hypertension (JSH) guidelines for self-monitoring of
blood pressure at home. Hypertens Res 2003; 26:771–782.

102 Pickering TG, Hall JE, Appel LJ, Falkner BE, Graves J, Hill MN,
et al. Recommendations for blood pressure measurement in humans
and experimental animals. Part 1: Blood pressure measurement in
humans: a statement for professionals from the Subcommittee of
Professional and Public Education of the American Heart Association
Council on High Blood Pressure Research. Circulation 2005;
111:697–716.

103 Staessen JA, Den HE, Celis H, Fagard R, Keary L, Vandenhoven G, et al.
Antihypertensive treatment based on blood pressure measurement at
home or in the physician’s office: a randomized controlled trial. JAMA
2004; 291:955–964.

104 Verberk WJ, Kroon AA, Lenders JW, Kessels AG, van Montfrans GA, Smit
AJ, et al. Self-measurement of blood pressure at home reduces the need
for antihypertensive drugs: a randomized, controlled trial. Hypertension
2007; 50:1019–1025.

105 Saito S, Asayama K, Ohkubo T, Kikuya M, Metoki H, Obara T, et al. The
second progress report on the Hypertension Objective treatment based
on Measurement by Electrical Devices of Blood Pressure (HOMED-BP)
study. Blood Press Monit 2004; 9:243–247.

106 Fujiwara T, Nishimura T, Ohkuko T, Imai Y. Rationale and design of
HOMED-BP Study: hypertension objective treatment based on
measurement by electrical devices of blood pressure study. Blood Press
Monit 2002; 7:77–82.

107 Waugh J, Bosio P, Habiba M, Boyce T, Shennan A, Halligan A. Home
monitoring of blood pressure in pregnancy at high risk of preeclampsia.
Eur J Obstet Gynecol Reprod Biol 2001; 99:109–111.

108 Stergiou GS, Yiannes NG, Rarra VC, Panagiotakos DB. Home blood
pressure normalcy in children and adolescents: the Arsakeion School
study. J Hypertens 2007; 25:1375–1379.

109 Lewington S, Clarke R, Qizilbash N, Peto R, Collins R. Age-specific
relevance of usual blood pressure to vascular mortality: a meta-analysis of
individual data for one million adults in 61 prospective studies. Lancet
2002; 360:1903–1913.

110 Staessen JA, Wang JG, Thijs L. Cardiovascular prevention and blood
pressure reduction: a quantitative overview updated until 1 March 2003.
J Hypertens 2003; 21:1055–1076.

111 Staessen JA, Li Y, Thijs L, Wang JG. Blood pressure reduction and
cardiovascular prevention: an update including the 2003–2004
secondary prevention trials. Hypertens Res 2005; 28:385–407.

112 Turnbull F. Effects of different blood-pressure-lowering regimens on major
cardiovascular events: results of prospectively-designed overviews of
randomised trials. Lancet 2003; 362:1527–1535.

113 Pickering TG, James GD, Boddie C, Harshfield GA, Blank S, Laragh
JH. How common is white coat hypertension? JAMA 1988; 259:225–
228.

114 Stergiou GS, Skeva II, Baibas NM, Kalkana CB, Roussias LG,
Mountokalakis TD. Diagnosis of hypertension using home or ambulatory
blood pressure monitoring: comparison with the conventional strategy
based on repeated clinic blood pressure measurements. J Hypertens
2000; 18:1745–1751.
rized reproduction of this article is prohibited.



C

Home BP monitoring guidelines Parati et al. 1525
115 Stergiou GS, Salgami EV, Tzamouranis DG, Roussias LG. Masked
hypertension assessed by ambulatory blood pressure versus home blood
pressure monitoring: is it the same phenomenon? Am J Hypertens 2005;
18:772–778.

116 Sega R, Trocino G, Lanzarotti A, Carugo S, Cesana G, Schiavina R, et al.
Alterations of cardiac structure in patients with isolated office, ambulatory,
or home hypertension: data from the general population (Pressione
Arteriose Monitorate E Loro Associazioni [PAMELA] Study). Circulation
2001; 104:1385–1392.

117 Ohkubo T, Kikuya M, Metoki H, Asayama K, Obara T, Hashimoto J, et al.
Prognosis of ‘masked’ hypertension and ‘white-coat’ hypertension
detected by 24-h ambulatory blood pressure monitoring 10-year follow-
up from the Ohasama study. J Am Coll Cardiol 2005; 46:508–515.

118 Obara T, Ohkubo T, Funahashi J, Kikuya M, Asayama K, Metoki H, et al.
Isolated uncontrolled hypertension at home and in the office among
treated hypertensive patients from the J-HOME study. J Hypertens 2005;
23:1653–1660.

119 Eguchi K, Ishikawa J, Hoshide S, Pickering TG, Shimada K, Kario K.
Masked hypertension in diabetes mellitus: a potential risk. J Clin
Hypertens (Greenwich) 2007; 9:601–607.

120 Fagard RH, Cornelissen VA. Incidence of cardiovascular events in white-
coat, masked and sustained hypertension versus true normotension:
a meta-analysis. J Hypertens 2007; 25:2193–2198.

121 Cappuccio FP, Kerry SM, Forbes L, Donald A. Blood pressure control by
home monitoring: meta-analysis of randomised trials. BMJ 2004;
329:145.

122 Rogers MA, Small D, Buchan DA, Butch CA, Stewart CM, Krenzer BE,
et al. Home monitoring service improves mean arterial pressure in patients
with essential hypertension. A randomized, controlled trial. Ann Intern
Med 2001; 134:1024–1032.

123 McManus RJ, Mant J, Roalfe A, Oakes RA, Bryan S, Pattison HM, et al.
Targets and self monitoring in hypertension: randomised controlled trial
and cost effectiveness analysis. BMJ 2005; 331:493.

124 Ohkubo T, Obara T, Funahashi J, Kikuya M, Asayama K, Metoki H, et al.
Control of blood pressure as measured at home and office, and
comparison with physicians’ assessment of control among treated
hypertensive patients in Japan: First Report of the Japan Home versus
Office Blood Pressure Measurement Evaluation (J-HOME) study.
Hypertens Res 2004; 27:755–763.

125 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.

126 Oikawa T, Obara T, Ohkubo T, Kikuya M, Asayama K, Metoki H, et al.
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.

127 Mallion JM, Clerson P, Bobrie G, Genes N, Vaisse B, Chatellier G.
Predictive factors for masked hypertension within a population of
controlled hypertensives. J Hypertens 2006; 24:2365–2370.

128 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.

129 Ogedegbe G, Schoenthaler A. A systematic review of the effects of home
blood pressure monitoring on medication adherence. J Clin Hypertens
(Greenwich) 2006; 8:174–180.

130 Vaur L, Dubroca I, Dutrey-Dupagne C, Genes N, Chatellier G, Bouvier-
d’Yvoire M, et al. Superiority of home blood pressure measurements over
office measurements for testing antihypertensive drugs. Blood Press
Monit 1998; 3:107–114.

131 Lurbe E, Rodicio JL. Hypertension in children and adolescents.
J Hypertens 2004; 22:1423–1425.

132 Lurbe E, Sorof JM, Daniels SR. Clinical and research aspects of ambulatory
blood pressure monitoring in children. J Pediatr 2004; 144:7–16.

133 Lauer RM, Anderson AR, Beaglehole R, Burns TL. Factors related to
tracking of blood pressure in children. U.S. National Center for Health
Statistics Health Examination Surveys Cycles II and III. Hypertension
1984; 6:307–314.

134 Stergiou GS, Alamara CV, Kalkana CB, Vaindirlis IN, Stefanidis CJ,
cou-Voutetakis C, et al. Out-of-office blood pressure in children and
adolescents: disparate findings by using home or ambulatory monitoring.
Am J Hypertens 2004; 17:869–875.

135 Stergiou GS, Rarra VC, Yiannes NG. Changing relationship between
home and office blood pressure with increasing age in children: the
Arsakeion School study. Am J Hypertens 2008; 21:41–46.

136 Stergiou GS, Alamara CV, Salgami EV, Vaindirlis IN, cou-Voutetakis C,
Mountokalakis TD. Reproducibility of home and ambulatory blood
pressure in children and adolescents. Blood Press Monit 2005; 10:143–
147.
opyright © Lippincott Williams & Wilkins. Unauth
137 Staessen JA, Gasowski J, Wang JG, Thijs L, Den HE, Boissel JP, et al.
Risks of untreated and treated isolated systolic hypertension in the elderly:
meta-analysis of outcome trials. Lancet 2000; 355:865–872.

138 Mancia G, Ferrari A, Gregorini L, Parati G, Pomidossi G, Bertinieri G, et al.
Blood pressure and heart rate variabilities in normotensive and
hypertensive human beings. Circ Res 1983; 53:96–104.

139 Pringle E, Phillips C, Thijs L, Davidson C, Staessen JA, de Leeuw PW,
et al. Systolic blood pressure variability as a risk factor for stroke and
cardiovascular mortality in the elderly hypertensive population.
J Hypertens 2003; 21:2251–2257.

140 Kario K, Pickering TG, Umeda Y, Hoshide S, Hoshide Y, Morinari M, et al.
Morning surge in blood pressure as a predictor of silent and clinical
cerebrovascular disease in elderly hypertensives: a prospective study.
Circulation 2003; 107:1401–1406.

141 Menard 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.

142 Shirasaki O, Yamashita S, Kawara S, Tagami K, Ishikawa J, Shimada K,
et al. A new technique for detecting sleep apnea-related ‘midnight’ surge
of blood pressure. Hypertens Res 2006; 29:695–702.

143 Hosohata K, Kikuya M, Ohkubo T, Metoki H, Asayama K, Inoue R, et al.
Reproducibility of nocturnal blood pressure assessed by self-
measurement of blood pressure at home. Hypertens Res 2007; 30:707–
712.

144 Redon J. Hypertension in obesity. Nutr Metab Cardiovasc Dis 2001;
11:344–353.

145 Lurbe E, Invitti C, Torro I, Maronati A, Aguilar F, Sartorio A, et al. The
impact of the degree of obesity on the discrepancies between office and
ambulatory blood pressure values in youth. J Hypertens 2006; 24:1557–
1564.

146 Maxwell MH, Waks AU, Schroth PC, Karam M, Dornfeld LP. Error in
blood-pressure measurement due to incorrect cuff size in obese patients.
Lancet 1982; 2:33–36.

147 Stewart MJ, Gough K, Padfield PL. The accuracy of automated blood
pressure measuring devices in patients with controlled atrial fibrillation.
J Hypertens 1995; 13:297–300.

148 Jani B, Bulpitt CJ, Rajkumar C. Blood pressure measurement in patients
with rate controlled atrial fibrillation using mercury sphygmomanometer
and Omron HEM-750CP device in the clinic setting. J Hum Hypertens
2006; 20:543–545.

149 Ross-McGill H, Hewison J, Hirst J, Dowswell T, Holt A, Brunskill P, et al.
Antenatal home blood pressure monitoring: a pilot randomised controlled
trial. Br J Obstet Gynaecol 2000; 107:217–221.

150 Milne F, Redman C, Walker J, Baker P, Bradley J, Cooper C, et al. The
preeclampsia community guideline (PRECOG): how to screen for and
detect onset of preeclampsia in the community. BMJ 2005; 330:576–580.

151 Timio M, Venanzi S, Lolli S, Lippi G, Verdura C, Monarca C, et al.
Nondipper’ hypertensive patients and progressive renal insufficiency: a
3-year longitudinal study. Clin Nephrol 1995; 43:382–387.

152 Redon J, Oliver V, Zaragoza MD, Galindo MJ. Ambulatory blood pressure
during diseases of the kidney. Blood Press Monit 1999; 4:267–274.

153 Portaluppi F, Montanari L, Massari M, Di Chiara V, Capanna M. Loss of
nocturnal decline of blood pressure in hypertension due to chronic renal
failure. Am J Hypertens 1991; 4:20–26.

154 Luik AJ, Struijk DG, Gladziwa U, von Olden RW, von Hooff JP, de Leeuw
PW, et al. Diurnal blood-pressure variations in haemodialysis and CAPD
patients. Nephrol Dial Transplant 1994; 9:1616–1621.

155 Cheigh JS, Serur D, Paguirigan M, Stenzel KH, Rubin A. How well is
hypertension controlled in CAPD patients?AdvPeritDial 1994; 10:55–58.

156 Gatzka CD, Schobel HP, Klingbeil AU, Neumayer HH, Schmieder RE.
Normalization of circadian blood pressure profiles after renal
transplantation. Transplantation 1995; 59:1270–1274.

157 Faria MS, Nunes JP, Ferraz JM, Fernandes J, Praca A, Pestana M, et al.
24-h blood pressure profile early after renal transplantation. Rev Port
Cardiol 1995; 14:227–231.

158 Lingens N, Dobos E, Lemmer B, Scharer K. Nocturnal blood pressure
elevation in transplanted pediatric patients. Kidney Int Suppl 1996;
55:S175–S176.

159 Jones MA, Kingswood JC, Dallyn PE, Andrew M, Cheetham A, Burwood
R, et al. Changes in diurnal blood pressure variation and red cell and
plasma volumes in patients with renal failure who develop erythropoietin-
induced hypertension. Clin Nephrol 1995; 44:193–200.

160 Taler SJ, Textor SC, Canzanello VJ, Wilson DJ, Wiesner RH, Krom RA.
Loss of nocturnal blood pressure fall after liver transplantation during
immunosuppressive therapy. Am J Hypertens 1995; 8:598–605.

161 Lins RL, Elseviers M, Rogiers P, Van Hoeyweghen RJ, De Raedt H,
Zachee P, et al. Importance of volume factors in dialysis related
hypertension. Clin Nephrol 1997; 48:29–33.
orized reproduction of this article is prohibited.



C

1526 Journal of Hypertension 2008, Vol 26 No 8
162 Thompson AM, Eguchi K, Reznik ME, Shah SS, Pickering TG. Validation
of an oscillometric home blood pressure monitor in an end-stage renal
disease population and the effect of arterial stiffness on its accuracy.
Blood Press Monit 2007; 12:227–232.

163 Raptis AE, Spring MW, Viberti G. Comparison of blood pressure
measurement methods in adult diabetics. Lancet 1997; 349:175–176.

164 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.

165 Skrtic S, Niklason A, Leoo T, Hedner T. Risk factor identification and
assessment in hypertension and diabetes (RIAHD) study. Blood Press
2006; 15:367–374.

166 Leitao CB, Canani LH, Kramer CK, Boza JC, Pinotti AF, Gross JL. Masked
hypertension, urinary albumin excretion rate, and echocardiographic
parameters in putatively normotensive type 2 diabetic patients. Diabetes
Care 2007; 30:1255–1260.

167 Obara T, Ohkubo T, Kikuya M, Asayama K, Metoki H, Inoue R, et al. The
current status of home and office blood pressure control among
hypertensive patients with diabetes mellitus: the Japan Home Versus
Office Blood Pressure Measurement Evaluation (J-HOME) study.
Diabetes Res Clin Pract 2006; 73:276–283.

168 Bayo J, Cos FX, Roca C, Dalfo A, Martin-Baranera MM, Albert B. Home
blood pressure self-monitoring: diagnostic performance in white-coat
hypertension. Blood Press Monit 2006; 11:47–52.

169 Mancia G, Sega R, Bravi C, De Venuto G, Valagussa F, Cesana G, et al.
Ambulatory blood pressure normality: results from the PAMELA study.
J Hypertens 1995; 13:1377–1390.

170 Staessen JA, Byttebier G, Buntinx F, Celis H, O’Brien ET, Fagard R.
Antihypertensive treatment based on conventional or ambulatory blood
pressure measurement. A randomized controlled trial. Ambulatory Blood
Pressure Monitoring and Treatment of Hypertension Investigators. JAMA
1997; 278:1065–1072.

171 Hond ED, Celis H, Fagard R, Keary L, Leeman M, O’Brien E, et al. Self-
measured versus ambulatory blood pressure in the diagnosis of
hypertension. J Hypertens 2003; 21:717–722.

172 Denolle T. Comparison and reproducibility of 4 methods of indirect blood
pressure measurement in moderate hypertension [in French]. Arch Mal
Coeur Vaiss 1995; 88:1165–1170.

173 Brueren MM, van Limpt P, Schouten HJ, de Leeuw PW, van Ree JW. Is a
series of blood pressure measurements by the general practitioner or the
patient a reliable alternative to ambulatory blood pressure measurement?
A study in general practice with reference to short-term and long-term
between-visit variability. Am J Hypertens 1997; 10:879–885.

174 Palatini P, Mormino P, Canali C, Santonastaso M, De Venuto VG, Zanata
G, et al. Factors affecting ambulatory blood pressure reproducibility.
Results of the HARVEST Trial. Hypertension and Ambulatory Recording
Venetia Study. Hypertension 1994; 23:211–216.

175 Stergiou GS, Alamara CV, Skeva II, Mountokalakis TD. Diagnostic value of
strategy for the detection of white coat hypertension based on ambulatory
and home blood pressure monitoring. J Hum Hypertens 2004; 18:85–
89.

176 Jula A, Puukka P, Karanko H. Multiple clinic and home blood pressure
measurements versus ambulatory blood pressure monitoring.
Hypertension 1999; 34:261–266.

177 Mule G, Caimi G, Cottone S, Nardi E, Andronico G, Piazza G, et al. Value
of home blood pressures as predictor of target organ damage in mild
arterial hypertension. J Cardiovasc Risk 2002; 9:123–129.

178 Martinez MA, Sancho T, Garcia P, Moreno P, Rubio JM, Palau FJ, et al.
Home blood pressure in poorly controlled hypertension: relationship with
ambulatory blood pressure and organ damage. Blood Press Monit 2006;
11:207–213.

179 Verdecchia P, Clement D, Fagard R, Palatini P, Parati G. Blood Pressure
Monitoring. Task force III: Target-organ damage, morbidity and mortality.
Blood Press Monit 1999; 4:303–317.

180 Niiranen TJ, Kantola IM, Vesalainen R, Johansson J, Ruuska MJ. A
comparison of home measurement and ambulatory monitoring of blood
pressure in the adjustment of antihypertensive treatment. Am J Hypertens
2006; 19:468–474.

181 Mengden T, Binswanger B, Weisser B, Vetter W. An evaluation of self-
measured blood pressure in a study with a calcium-channel antagonist
versus a beta-blocker. Am J Hypertens 1992; 5:154–160.

182 Padfield PL. Self-monitored blood pressure: a role in clinical practice?
Blood Press Monit 2002; 7:41–44.

183 Stergiou GS, Efstathiou SP, Argyraki CK, Roussias LG, Mountokalakis
TD. White coat effect in treated versus untreated hypertensive individuals:
a case–control study using ambulatory and home blood pressure
monitoring. Am J Hypertens 2004; 17:124–128.
opyright © Lippincott Williams & Wilkins. Unautho
184 Pickering TG, Gerin W, Schwartz AR. What is the white-coat effect and
how should it be measured? Blood Press Monit 2002; 7:293–300.

185 Zannad F, Vaur L, Dutrey-Dupagne C, Genes N, Chatellier G, Elkik F, et al.
Assessment of drug efficacy using home self-blood pressure
measurement: the SMART study. Self Measurement for the Assessment
of the Response to Trandolapril. J Hum Hypertens 1996; 10:341–347.

186 Myers MG. Reporting bias in self-measurement of blood pressure. Blood
Press Monit 2001; 6:181–183.

Appendix A
Suggested reading to be posted on the Journal of
Hypertension Website
Introduction
(1) P
riz
arati G, Bilo G, Mancia G. White coat effect and

white coat hypertension: What do they mean?

Cardiovasc Rev Rep 2003; 24:477–484
(2) I
brahim MM, Tarazi RC, Dustan HP, Gifford RW Jr.

Electrocardiogram in evaluation of resistance to

antihypertensive therapy. Arch Intern Med 1977;

137:1125–1129.
(3) K
leinert HD, Harshfield GA, Pickering TG,

Devereux RB, Sullivan PA, Marion RM, et al. What

is the value of home blood pressure measurement in

patients with mild hypertension? Hypertension 1984;

6:574–578.
(4) V
erdecchia P, et al. Reliability of home self-recorded

arterial pressure in essential hypertension in relation

to the stage of the disease. In: Germano G, editor.

Blood pressure recording in the clinical management of
hypertension. Rome: Ediziono Pozzi; 1985. pp. 40–42.
(5) A
smar R. Proceedings from the First International

Consensus Conference on Self-Blood Pressure

Measurement. Blood Press Monit 2000; 5:91–92.
(6) O
’Brien E, De Gaudemaris R, Bobrie G, Agabiti

Rosei E, Vaisse B, and the participants of the First

International Consensus Conference on Blood

Pressure Self-Measurement. Devices and validation.

Blood Press Monit 2000; 5:93–100.
(7) S
taessen J, Thijs L, and the participants of the First

International Consensus Conference on Blood

Pressure Self-Measurement. Development of diag-

nostic thresholds for automated self-measurement of

blood pressure in adults. Blood Press Monit 2000;

5:101–109.
(8) H
erpin D, Pickering T, Stergiou G, de Leeuw P,

Germano G, and the participants of the First

International Consensus Conference on Blood

Pressure Self-Measurement. Clinical applications

and diagnosis. Blood Press Monit 2000; 5:131–135.
(9) I
mai Y, Poncelet P, DeBuyzere M, Padfield PL, Van

Montfrans GA, and the participants of the First

International Consensus Conference on Blood

Pressure Self-Measurement. Prognostic significance

of self-measurements of blood pressure. Blood Press
Monit 2000; 5:137–143.
Methodological aspects
(10) M
e

ancia G, Ferrari A, Gregorini L, Parati G,

Pomidossi G, Bertinieri G, et al. Blood pressure
d reproduction of this article is prohibited.



Copy

Home BP monitoring guidelines Parati et al. 1527
and heart rate variabilities in normotensive and

hypertensive human beings. Circ Res 1983; 53:96–

104.
(11) B
ritish Hypertension Society. Blood pressure

measurement [CD-ROM] 1998. Available from

BMJ Books, BMA House, Tavistock Square,

London WC1H 9JR.
(12) S
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