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illem J. Verberk, MSC,* Abraham A. Kroon, MD, PHD,* Alfons G. H. Kessels, MD, MSC,†
eter W. de Leeuw, MD, PHD*
aastricht, the Netherlands

The purpose of this research was to review the literature on home blood pressure
measurement (HBPM) and to provide recommendations regarding HBPM assessment.
Observational studies on HBPM, published after 1992, as identified by PubMed, EMBASE,
and Cochrane literature searches were reviewed. Studies were selected if they met the
following criteria: 1) self-measurements had been performed with validated devices; 2)
measurement procedures were described in sufficient detail; and 3) papers clearly explained
how final HBPM results were calculated upon which conclusions and/or treatment decisions
were based. Office blood pressure measurement (OBPM) yields higher blood pressure values
than HBPM. For systolic blood pressure, differences between OBPM and HBPM increase
with age and the height of office pressure. Differences also tend to be greater in men than in
women and greater in patients without than in those with antihypertensive treatment.
Furthermore, HBPM can diagnose normotension with almost absolute certainty; it correlates
better with target organ damage and cardiovascular mortality than OBPM, it enables
prediction of sustained hypertension in patients with borderline hypertension, and it proves
to be an appropriate tool for assessing drug efficacy. Despite some limitations and although
more data are needed, HBPM is suitable for routine clinical practice. (J Am Coll Cardiol

ublished by Elsevier Inc. doi:10.1016/j.jacc.2005.05.058
2005;46:743–51) © 2005 by the American College of Cardiology Foundation
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ome blood pressure measurement (HBPM) has become
ncreasingly popular and is now gaining more and more
cceptance by patients and clinicians. Several factors can
ccount for this phenomenon. First of all, reliable automatic
evices for HBPM have become available, and their perfor-
ance characteristics can easily be retrieved via the Internet

1). Secondly, HBPM is less liable to observer bias and the
hite coat effect than office blood pressure measurements

OBPM) (2). In addition, with HBPM more measurements
an be obtained within a limited period of time. Finally,
BPM data correlate better with daytime values of ambu-

atory blood pressure measurement (ABPM) (3).
However, the introduction of HBPM into clinical prac-

ice has also faced us with new problems. These include
uestions such as: how many measurements are needed to
stimate a patient’s usual blood pressure (BP), what are
ormal values for HBPM, how does antihypertensive treat-
ent affect HBPM, and to what extent can HBPM predict

rognosis? The intention of this review, therefore, is to
valuate current knowledge about HBPM to find answers to
hese questions. To this end, we performed a systematic
eview of the literature on HBPM.

From the *Department of Medicine, University Hospital Maastricht and Cardio-
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pidemiology and Technology Assessment, University Hospital Maastricht, Maas-

richt, the Netherlands. Supported by grant 945-01-043 from ZONMW (Den
aag).
r
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dentification of papers. We performed systematic
earches of HBPM in PubMed, EMBASE, and the Co-
hrane database. The search strategy used six key
ords in various combinations: BP, hypertension, self-
easurement, home measurement, ambulatory measure-
ent, and compliance. Additional studies were found from

eference lists of identified articles and reviews.
tudy selection. Because the first protocol with guidelines

or validation of BP monitoring devices dates back from July
990 (4), we wanted to include in our review only those
apers that have been published after that time. Allowing
or some lag time before the guidelines were fully imple-
ented, we took 1992 as the starting year for our literature

earch. Decisions on inclusion of studies into the systematic
eview were based on three criteria:

) Self-measurements were performed with devices that
have passed the validation protocols of the British
Hypertension Society (BHS) (4), Association for the
Advancement of Medical Instrumentation (AAMI) (5),
and/or European Society of Hypertension (ESH) (6);

) HBPM or self-measurement procedures used were
described in sufficient detail;

) The methods section clearly explained how authors
calculated from their original data the finally reported
home blood pressure (HBP) results.

Two investigators screened the full text of all potentially

elevant articles. When more than one paper by the same
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uthor or research group was available, these were included
or analysis only when it was likely that a different patient
ample had been used.

ata extraction. Papers that fulfilled the selection criteria
nd provided both OBPM and HBPM data were collected.

hen multiple drug treatment studies were performed
sing the same population, only the results of the first study
entioned were used for analysis. Studies that combined

ubjects with and without antihypertensive drug treatment,
ithout the possibility to distinguish both groups, were

xcluded for analysis.
ata synthesis. To test for differences between OBPM

nd HBPM, we pooled the results weighted with inverse
ariances (direct pooling) (7). In case the variance was not
eported, we imputed the highest variance of the study that
as included. Changes in home and office BP, obtained
efore and after treatment, were compared conservatively by
onsidering these outcomes as unpaired data. To investigate
hether age and gender could explain heterogeneity in

Abbreviations and Acronyms
AAMI � Association for the Advancement of Medical

Instrumentation
ABPM � ambulatory blood pressure measurement
BHS � British Hypertension Society
BP � blood pressure
CI � confidence interval
DBP � diastolic blood pressure
ESH � European Society of Hypertension
HBP(M) � home blood pressure (measurement)
OBPM � office blood pressure measurement
SBP � systolic blood pressure
TOD � target organ damage

able 1. Studies on Accuracy and Reproducibility of Home Bloo

References

Frequ

n Population Device
Consecutive

Readings Da

8 74 Elderly
hypertensives

MS 1 1

9 189 Hypertensives AOD 2 3 wor

10 48 Hypertensives SOD 1

11 871 Normotensives and
hypertensives

SOD 1 2
BPM � ambulatory blood pressure measurement; AOD � automatic oscillometric dev
emiautomatic oscillometric device.

content.onlinejDownloaded from 
ifferences between OBPM and HBPM, we performed
inear regression analysis with age and gender (as proportion
f men) as independent variables and the difference between
BPM and HBPM as the dependent variable. All statistical

alculations were performed using SPSS (SPSS Inc., Chi-
ago, Illinois).

ESULTS

ow many measurements are needed? To determine the
umber of measurements that are needed to obtain a reliable
stimate of a patient’s usual BP when applying HBPM,
everal studies assessed the reproducibility and/or accuracy
f the technique (8–11). The results from these studies are
ummarized in Table 1. From all studies, which addressed
he number of measurements required to obtain an accurate
mpression of BP for a period of at least one month (8–11),
e may conclude that the minimum number of measure-
ents should be two duplicates a day (twice in the morning

nd twice in the evening) for three consecutive days with
xclusion of BP readings taken at the first day.
pper limit of normal values. Table 2 provides an over-

iew of studies that have addressed the issue of normal
alues. Various methods were used to obtain normal values
12–18), namely:

) Calculating the mean � two standard deviations for
HBPM data in a population and to consider this as the
upper limit of normal (normal distribution criterion)
(14);

) Computing the 95th percentile of the distribution of
HBPM data in subjects who were normotensive on
conventional sphygmomanometry and to consider every

ssure Measurement

of Measurements

Time of
Measurement

Mathematical
Method

Proposed Number of
Measurements

M, lying in bed,
M, after 10 min

standing,
E, standing before

going to bed,
E, lying in bed for

10 min

t test,
variability (SD)

1 reading/day for
3 consecutive days

M, 6:30–10:00 AM,
E, 5:00–11:00 PM

Test–re-test,
variability (SD),
correlation with
ABPM

Average of 2nd and 3rd
working day

M
E
At work

Test–re-test,
variability (SD),
G-theory

1 reading at work and
1 at home for
3 consecutive days
for reliable estimates
for 2 months

M, �1 h after
awakening

Variability (SD) 1 reading/day in the
morning for
3 consecutive days
d Pre

ency

ys

0

kdays

8

8

ice; E � evening; M � morning; MS � mercury sphygmomanometer; SOD �
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value above that percentile as abnormal (percentile
criterion) (13–15);

) Determining the self-recorded BP that corresponds to a
conventional (office) BP of 140/90 mm Hg (correspon-
dence [12–14,16–18] or regression criterion [13,14,18]).

) Conducting a long-term follow-up trial in which nor-
mal values are based on the morbidity and mortality
patterns from hypertension-related complications (16).

Taken together, the data from these studies suggest that

able 2. Studies Investigating the Upper Limit of Normal Values

eferences n
Age
(yrs)

12 390 20–59
13 562 51

14 5,422 (meta-analysis) ‡

15 2,401 (international database) 41
16 1,913 61

17 503 47
18 1,438 46

Calculation of the home blood pressure measurement (HBPM) value at the same pe
m Hg; †calculation of the HBPM value corresponding to an OBPM value of 140
DBP � diastolic blood pressure; SBP � systolic blood pressure.

able 3. Comparison Between OBPM and HBPM: Schematic O

References Population n
Age
(yrs)

Men
(%)

Frequ

Conse
Read

13 HT � NT 562 51 47 2
17 NT � HT 503 47 53 1
19 HT 1,395 59 43 2
20 HT 760 55 50 1
21 HT 19 53 60 1
22 HT 24 56 63 3
23 HT 10 53 50 3
24 HT 199 56 56 3
25 HT 33 47 48 2
26 HT 816 56 55 3
27 NT 596 31 52 1
28 HT 38 31 52 1
20 HT 233 46 58 2
29 NT 35 54 57 1
30 NT � HT 1,438 46 � 3
31 HT 25 59 60 1
31 HT 46 51 59 3
32 HT 247 50 46 3

ffice blood pressure measurement (OBPM) was assessed with a mercury sphygmom
n the morning and in the evening with an automatic or semiautomatic device, unless
erformed in the morning, evening, and in the afternoon; †measurements performe

OBPM performed by a nurse; �not specified.

HT � hypertensives; NT � normotensives.

content.onlinejDownloaded from 
he upper limit for normal HBPM values should be set at
35 mm Hg systolic and 85 mm Hg diastolic.
ifferences between HBPM and OBPM. A pooled anal-

sis of untreated subjects in the studies (13,17,19–32) is
isted in Table 3 and shows that the mean overall difference
etween OBPM and HBPM was 6.9 mm Hg (95% confi-
ence interval [CI] 6.6 to 7.2, p � 0.001) for systolic BP
SBP), and 4.9 mm Hg (95% CI 4.7 to 5.1, p � 0.001) for
iastolic BP (DBP). Differences between OBPM and

Mathematical Method
Proposed Normal Values

(mm Hg)

rrespondence criterion* 128/84
95th percentile
(476 normotensive subjects)

1) 140/83

Correspondence criterion* 2) 140/86
Regression criterion† 3) 137/83
Mean � 2 SDs 1) 137/89
95th percentile 2) 135/86
Correspondence criterion* 3) 129/84
Regression criterion† 4) 125/79
th percentile 137/85
% increase in mortality risk taken
from the lowest point of mortality
risk obtained during a 5-year
follow-up study

137/84

(Normotension: SBP �137,
DBP 66 and 83)

rrespondence criterion* 133/86
Regression criterion† 1) 130/81
Correspondence criterion† 2) 132/83

e as that corresponding to an office blood pressure measurement (OBPM) of 140/90
m Hg using the regression line between HBPM and OBPM; ‡not specified.

iew of Studies Among Untreated Subjects

of HBPM Frequency of OBPM

HBPM
(mm Hg)

OBPM
(mm Hg)Days

Consecutive
Readings Days

3 3 2 120/73 119/74
14 1 2 123/78 130/82‡
1 2 2 159/93* 166/98
8 3 1 155/95 162/99

14 1 2 151/98 158/103
7 3 1 146/94 163/101
7 3 1 143/92 157/100
1 3 1 144/90 160/100
5 3 2 145/93 144/96
7 3 1 153/94 166/101
7 3 1 114/71† 112/74†
7 3 1 129/82† 132/94†
7 2 4 139/93 145/95§
7 3 2 124/74* 121/79
2 3 2 119/75 128/82

10 1 2 143/84 169/95
21 ? 2 134/86 157/97
7 3 2 143/92 155/100

eter by a physician, and home blood pressure measurement (HBPM) was performed
oned otherwise; HBPM and OBPM results are presented as average values. *HBPM
an aneroid sphygmomanometer; ‡OBPM performed with a semiautomatic device;
Co
1)

2)
3)
1)
2)
3)
4)
95
10

Co
1)
2)

rcentil
verv

ency

cutive
ings

anom
menti
d with
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BPM increase with age for SBP but not for DBP (Fig. 1).
land-Altman analysis of the data shows that the difference
etween OBPM and HBPM also increases significantly
ith higher SBP (Fig. 2) but not DBP. Finally, a higher
ercentage of men in a study population resulted in larger
ifferences between OBPM and HBPM for SBP (p �
.01).
Studies among treated subjects (20,21,24,26,28–35) are

ummarized in Table 4 and show a mean overall difference
etween OBPM and HBPM of 5.3 mm Hg (95% CI 5.1 to
.6, p � 0.0001) for SBP, and 3.1 mm Hg (95% CI 2.9 to
.3, p � 0.0001) for DBP. In this group no relationship of
hese differences with age, gender distribution, or the height
f DBP emerged. Although differences tended to be greater
ith higher pressures for SBP (Fig. 2), the relationship

ailed to reach statistical significance. The OBPM-HBPM
ifference was significantly smaller in treated than in un-
reated patients.

BPM in relation to antihypertensive drug treatment.
able 5 presents the studies that investigated drug efficacy
y using both OBPM and HBPM (21,24,26,29–32). After
ooled analysis, differences in OBPM appeared to be 20.1
m Hg (95% CI 19.6 to 20.7) and 13.6 mm Hg (95% CI

3.3 to 14.0) for SBP and DBP, respectively, while for
BPM differences were 13.9 mm Hg (95% CI 13.4 to 14.4)

nd 9.1 mm Hg (95% CI 8.8 to 9.4), respectively (Fig. 3).

igure 1. Differences between systolic (left) and diastolic (right) office b
HBPM) as a function of age in patients without antihypertensive treatm
). The relationship was statistically significant for systolic pressure only (p
omen, and studies were weighted for the number of subjects.

igure 2. Bland-Altman plots for the differences between systolic office b
HBPM) as a function of the average of OBPM and HBPM in patients wit

he studies mentioned in Tables 3 and 4. The relationship was statistically sign
he number of subjects.

content.onlinejDownloaded from 
he falls in pressure after treatment were significantly larger
or OBPM than for HBPM (p � 0.0001 for SBP and
BP).
BPM and cardiovascular outcome. Several trials have

ddressed the relationship between home measurements
nd target organ damage (TOD) and found that HBPM
orrelated better with TOD, in particular left ventricular
ypertrophy than OBPM (33,36). It correlated as well with

eft ventricular mass index as ABPM did (37). Moreover,
BPM appears to be a better prognostic indicator with

espect to cardiovascular mortality (38,39) and cardiovascu-
ar events (39) than OBPM.

ISCUSSION

ow many measurements are needed? Recently, results
rom the Ohasama study (40) indicated that one should
btain as many measurements as possible, although with any
umber of measurements HBPM was already superior to
BPM in predicting future risk.
Because it is possible that BP at home differs from BP at

ork due to job stress or other factors, BP recorded at work
ight, in such situations, give a better indication of the

verall BP value (10). Despite some discrepancies in the
esults with regard to morning and evening HBPM, the fact
emains that the early morning surge has immense prog-

pressure measurement (OBPM) and home blood pressure measurement
esults were derived from 18 studies with a total of 6,979 subjects (Table
036). The regression line was calculated for equal proportions of men and

pressure measurement (OBPM) and home blood pressure measurement
left) or with (right) antihypertensive treatment. Results were derived from
lood
ent. R
� 0.
lood
hout (
ificant for untreated subjects only (p � 0.007). Studies were weighted for
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ostic potential (41–44). For that reason, HBPM in the
orning is probably more valuable as compared to evening
BPM in terms of assessing cardiovascular prognosis. On

he other hand, Brook (45) showed that the accuracy of
BPM does not depend on a particular monitoring sched-

le parameter such as number of measurements per day,
eplications per measurement session, or total duration of
ome monitoring.
Taking all available information together, it seems that

he minimum number of measurements should be two
uplicates a day (twice in the morning and twice in the
vening) for three consecutive days. Measurements on the
rst day are persistently higher than subsequent measure-
ents, and for that reason the data from the first day should

e discarded (9).
pper limit of normal values. Normal values for HBPM
ave been established on the basis of an international
atabase composed by Thijs et al. (15). Because the 95th
ercentile method for normotensive subjects was used for
btaining normal values, these normal data were not directly
ependent upon OBPM values. In our view, the proclama-
ion of HBPM normal data according to OBPM values, as

able 4. Comparison Between OBPM and HBPM: Schematic O

References n
Age
(yrs)

Men
(%)

Frequency of

Consecutive
Readings

20 1,395 59 43 2
21 760 55 50 1
24 19 53 60 1
26 24 56 63 3
28 10 53 50 3
29 199 56 56 3
30 33 47 48 2
31 816 56 55 3
31 5,211 70 49 3
32 38 34 52 1
33 209 57 53 1
34 72 56 60 1
35 142 58 53 1

ffice blood pressure measurement (OBPM) was assessed with a mercury sphygmom
HBPM) was performed in the morning and in the evening with an automatic
Measurements performed with an aneroid sphygmomanometer; †measurements perfo
HBPM performed in the morning, evening, and at work.

able 5. Assessment of Drug Efficacy by HBPM and OBPM

References n
Age
(yrs)

Men
(%)

Frequency of H

Consecutive
Readings

21 1,395 59 43 2
24 760 55 50 1
26 19 53 60 1
29 24 56 63 3
30 10 53 50 3
31 199 56 56 3
31 33 47 48 2
32 816 56 55 3

ffice blood pressure measurement (OBPM) was assessed with a mercury sphygmom

orning and in the evening with an automatic or semiautomatic device, unless indicated oth

btained placebo instead of regular treatment.

content.onlinejDownloaded from 
as been done in other studies, is not a priori justified
ecause OBPM values are highly variable and subject to
bserver bias as well as the white coat effect.
Preferably, normal values should be based on prognostic

tudies such as those from Tsuji et al. (16), who defined
ypertension as a BP value �137/84 mm Hg and normal
P as SBP �137 mm Hg and DBP between 66 and 83 mm
g. Fortunately, these values are in line with the reference

alues from the international database (namely 137/85 mm
g). In accordance with recent guidelines (46,47), it is fair

o set the upper limit of normal values at 135 mm Hg
ystolic and 85 mm Hg diastolic.

ifferences between OBPM and HBPM. Our analysis
hows that the difference in SBP between OBPM and
BPM in untreated patients tends to be larger in men than

n women and to rise with age and the level of BP.
owever, whether age and the degree of hypertension are

ndependent predictors of the difference between OBPM
nd HBPM cannot be derived from the available data. We
urther found that the difference between OBPM and

BPM is greater before than during antihypertensive treat-
ent. Although the difference during treatment still tended

iew of Studies Among Treated Hypertensive Subjects

M Frequency of OBPM

HBPM
(mm Hg)

OBPM
(mm Hg)ays

Consecutive
Readings Days

1 2 2 142/82† 146/85
8 3 1 144/87 142/86
4 1 2 140/91 145/95
7 3 1 135/88 153/94
7 3 1 143/91 150/92
1 3 1 135/85 143/86
5 3 2 129/83 129/85
7 3 1 139/85 145/86
4 3 2 146/82 152/85
7 3 1 126/82 135/95*
7‡ 2 12 137/84 147/87
7 3 2 134/81† 158/97
2§ 3 1 136/80 140/82

eter by a physician. Unless indicated otherwise, home blood pressure measurement
iautomatic device; HBPM and OBPM results are presented as average values.

in the morning, evening, and afternoon; ‡seven days per month for a period of 1 year;

Frequency of OBPM Untreated-Treated

ays
Consecutive

Readings Days
� HBPM
(mm Hg)

� OBPM
(mm Hg)

1 2 2 17/11* 20/13
8 3 1 11/8 20/13
4 1 2 12/7 13/8
7 3 1 11/6 10/7
7 3 1 0/1† 7/8†
1 3 1 10/5 17/13
5 3 2 16/10 16/11
7 3 1 14/9 22/15

ter by a physician. Home blood pressure measurement (HBPM) was assessed in the
verv

HBP

D

1

anom
or sem
BPM

D

1

anome

erwise. *HBPM performed in the morning, evening, and in the afternoon; †patients
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o increase with the height of pressure, the relationship was
o longer statistically significant. Differences in DBP were
ore or less constant, regardless of age, gender, severity of

ypertension, or treatment status.
The most important clinical consequence of the above is

hat HBPM can largely eliminate the white coat effect,
hich is defined as an elevation of BP measured in the office

ompared to either ABPM or HBPM (48). Detection of the
hite coat effect is relevant to avoid overestimation of daily
P and unnecessary drug prescription. Because the white
oat effect also increases with age (49) and is more related to
ntreated than to treated hypertension (50), HBPM seems
o be particularly suitable to assess elderly people with
ypertension. Although HBPM may not detect the same
atients with the white coat effect as ABPM would (2), it
erves at least the purpose of being a reasonable screening
est for that phenomenon.

Still, a word of caution is in order because most studies
hat addressed HBPM in relation to OBPM used different
evices for both methods; OBPM was usually assessed with
anual mercury sphygmomanometers (auscultatory
ethod), which carries the risk of observer bias due to, for

xample, hearing loss, impaired ability to react, and digit
reference (31,51,52). On the other hand, HBPM was
ommonly performed with automatic or semiautomatic
evices that used an oscillometric method to record the
ressure. This may at least in part explain some of the
ifferences between OBPM and HBPM. Additionally,
ost studies from Table 5 that addressed drug efficacy using
BPM and OBPM showed a larger decline in OBPM after

reatment as compared with HBPM. Such differences could
e due to the physician expecting a decline in BP after drug
dministration. This assumption is supported by the study
f Vaur et al. (31) who showed a decline in OBPM after
reatment while the patient was using a placebo whereas this

igure 3. Differences between pretreatment and treatment pressures for
oth office blood pressure measurement (OBPM) and home blood pressure
easurement (HBPM) as derived from eight studies with a total of 3,256

ubjects (Table 5). Results for systolic (closed symbols, S) and diastolic
open symbols, D) blood pressure are presented as the mean difference
ith the 95% confidence interval; OBPM differences were significantly
reater than HBPM differences for both systolic and diastolic blood
ressure (p � 0.001).
ffect was absent in HBPM. Therefore, in order to exclude c
content.onlinejDownloaded from 
easurement bias in future clinical trials, OBPM and
BPM should be performed with the same device, prefer-

bly an automatic one (53). In the ongoing Home versus
ffice blood pressure MEasurements: Reduction of Unnec-

ssary treatment Study (HOMERUS) trial (54), this ap-
roach has already been adopted.
BPM and assessment of drug efficacy. The possibility

f HBPM to obtain multiple measurements within a rela-
ively short period of time makes the technique particularly
seful to determine drug efficacy (21,30,32). As an index of
fficacy, the morning-to-evening ratio has been introduced
s an alternative for the “trough-to-peak ratio,” which is
sed with ABPM (55). With respect to the morning-to-
vening ratio, one assumes that if medication is taken at a
4-h interval, the trough is reached just before the new
edication is taken after 24 h in the morning, while 12 h

arlier in the evening, the full effect of the drug can be
xpected (the peak).

BPM and cardiovascular prognosis. Although only a
ew studies have addressed the relationship between HBPM
nd TOD, they are consistent in their results. Clearly,
BPM is superior to OBPM and comparable to ABPM in

redicting cardiac as well as renal damage (33,36). As far as
ong-term cardiovascular prognosis is concerned, data also
ndicate that HBPM is the better predictor of outcome
hen compared to OBPM. For instance, the Ohasama

tudy (38) clearly established a relationship between HBPM
nd mortality risk. When home BP values and screening BP
alues from this population study were simultaneously
ncorporated into a Cox model, only the average of multiple
more than three) home systolic BP values was significantly
nd strongly related to cardiovascular mortality risk. The
verage of the two initial home BP values was also better
elated to mortality risk than were the screening BP values.

ore recently, the same investigators presented their ten-
ear follow-up data (40), which indicated that the predictive
alue of HBP increases progressively with the number of
easurements. When at least 14 measurements are ob-

ained, HBPM shows a 35% increase in the risk of stroke
er 10 mm Hg elevation in BP. Nevertheless, even if one
onsiders only initial HBP values (one measurement), stroke
isk is better predicted by HBPM than by OBPM.

Despite some limitations of this study (other risk factors
ere ignored in the analysis, there was a higher overall
ortality from cerebrovascular disease in Ohasama than in

he rest of the country, and an arbitrarily chosen end point
as used for determining acceptable risk), this is an impor-

ant long-term follow-up study linking HBPM to cerebro-
ascular risk. The study also suggested that the correlation
etween home DBP and mortality is nonlinear (U-shaped
urve) and that a very low DBP may be associated with
ncreased mortality as well.

onclusions. Although more research is needed, several
rguments already speak in favor of implementing HBPM
nto daily clinical practice. First of all, it eliminates the white

oat effect and allows identification of patients with white
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oat hypertension. Second, it offers the possibility to obtain
ultiple readings under standardized conditions with little
easurement variability. This increases knowledge of usual
P value in such conditions as borderline hypertension

28,56), type II diabetes mellitus (57,58), and older age
35,59–61). In addition, it allows better judgment of drug
fficacy (21,24,26,29–32). Third, HBPM data correlate
etter than OBPM values with TOD, in particular left
entricular hypertrophy (33,36,37,58), with cardiovascular
vents (39), and with cardiovascular mortality (38,39). The
redictive power of HBPM increases with the number of
easurements and should perhaps be based on the average

f at least 14 data points (40). Finally, HBPM may increase
atients’ awareness of hypertension and compliance with
rug treatment, potentially leading to reduced mortality and
osts (62). In line with this supposition, a recent meta-
nalysis by Cappuccio et al. (63) showed that subjects using
BPM had lower BP values and were more likely to achieve

heir target BP value than subjects without HBPM.
In practice, many factors can influence HBPM. It is

mportant, therefore, that established guidelines for proce-
ures of self-monitoring of BP (64,65) are meticulously
ollowed and that patients receive extensive instruction from
well-trained nurse or physician (66). Recordings must be

aken with devices (67–75) that have been validated accord-
ng to AAMI (5), BHS (4), and/or ESH (6) standards
Table 6). Moreover, BP devices should be memory-
quipped in order to prevent reporting bias (76). Because
anual devices, which require the patient to inflate the cuff

nd/or to determine BP himself, are subject to the same
orms of measurement bias as office recordings, automated
nes are to be preferred.
Notwithstanding all advantages, HBPM also has some

imitations. First of all, the HBPM technique, like ABPM,
s less suitable in subjects with large arm sizes for whom no
ppropriate cuff in available, in those with an irregular pulse,
r when there is reason to suspect vascular stiffening.
ndeed, almost all validated HBPM devices employ the

able 6. List of Blood Pressure Monitors Suitable for Self-
easurement and Validated According to BHS, AAMI,

nd/or ESH criteria

References Devices

67 UA-767
68 UA-779/631
68 UA-787
69 UA-774 (UA-767 Plus)
69 Omron MIT
69 Omron M5-1
70 Omron 705 CPH
71 Omron 705IT
72 Omron HEM 705-CP
73 Omron M4
74 Microlife 3BTO-A
75 Microlife 3AGI

AMI � Association for the Advancement of Medical Instrumentation; BHS �
ritish Hypertension Society; ESH � European Society of Hypertension.
scillometric technique, which may yield results that differ
content.onlinejDownloaded from 
ubstantially from BP readings taken with a sphygmoma-
ometer. This is particularly true in elderly patients and
hose with diabetes (77,78). Second, ABPM is still superior
or measuring BP at predetermined times without any
nfluence of the patient, to record BP during daily routine or
uring the night and to ascertain whether a drug is effective
uring the early morning surge. However, because HBPM
s less expensive and less inconvenient for the patient, it can
erve as a reliable addition to OBPM, although the latter
hould not be abandoned yet (23,79). Moreover, there is
lready an HBPM device available that is able to measure
P during sleep at predetermined times (80). Third,
BPM should not be recommended for subjects with

re-eclampsia because both the auscultatory and oscillomet-
ic methods have shown to be inappropriate in this situation
81). Fourth, it should be realized that certain aspects of

BPM need further research, especially because the re-
ently published Treatment of hypertension based on Home
r Office blood Pressure (THOP) trial showed that adjust-
ent of antihypertensive treatment based on HBPM in-

tead of OBPM led to less intensive drug treatment but also
o less BP control (82). Therefore, until this subject has
een investigated further, treatment decisions based on
BPM alone should be taken cautiously. Finally, because

egular subjects require at least 20 min of instruction (28)
efore understanding the procedure, HBPM may not be
ppropriate for every patient because of its complexity.
dditionally, HBPM should also be discouraged when it

auses anxiety or induces self-modification of treatment.
Still, due to an ever-increasing workload for physicians, it

eems to be only a matter of time before people measure
heir BP at home and transmit it through the internet to the
ospital, instead of visiting the doctor at the clinic. This
odern approach of hypertension management is already

ut into practice at the HOMED-BP trial (83).

eprint requests and correspondence: Prof. Dr. Peter W. de
eeuw, Department of Medicine, University Hospital Maastricht,
.O. Box 5800, 6202 AZ Maastricht, the Netherlands. E-mail:
.deleeuw@intmed.unimaas.nl.
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