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IMPORTANCE Automated office blood pressure (AOBP) measurement involves recording
several blood pressure (BP) readings using a fully automated oscillometric
sphygmomanometer with the patient resting alone in a quiet place. Although several
studies have shown AOBP measurement to be more accurate than routine office BP
measurement and not subject to a “white coat effect,” the cumulative evidence has not
yet been systematically reviewed.

OBJECTIVE To perform a systematic review and meta-analysis to examine the association
between AOBP and office BP readings measured in routine clinical practice and in research
studies, and ambulatory BP recorded during awake hours, as the latter is a standard for
predicting future cardiovascular events.

DATA SOURCES The MEDLINE, Embase, and Cochrane Library were searched from 2003 to
April 25, 2018.

STUDY SELECTION Studies on systolic and diastolic BP measurement by AOBP in comparison
with awake ambulatory BP, routine office BP, and research BP measurements were included if
they contained 30 patients or more.

DATA EXTRACTION AND SYNTHESIS Study characteristics were abstracted independently and
random effects meta-analyses and meta-regressions were conducted.

MAIN OUTCOMES AND MEASURES Pooled mean differences (95% CI) of systolic and diastolic
BP between types of BP measurement.

RESULTS Data were compiled from 31 articles comprising 9279 participants (4736 men and
4543 women). In samples with systolic AOBP of 130 mm Hg or more, routine office and
research systolic BP readings were substantially higher than AOBP readings, with a pooled
mean difference of 14.5 mm Hg (95% CI, 11.8-17.2 mm Hg; n = 9; I2 = 94.3%; P < .001) for
routine office systolic BP readings and 7.0 mm Hg (95% CI, 4.9-9.1 mm Hg; n = 9; I2 = 85.7%;
P < .001) for research systolic BP readings. Systolic awake ambulatory BP and AOBP readings
were similar, with a pooled mean difference of 0.3 mm Hg (95% CI, −1.1 to 1.7 mm Hg; n = 19;
I2 = 90%; P < .001).

CONCLUSIONS AND RELEVANCE Automated office blood pressure readings, only when
recorded properly with the patient sitting alone in a quiet place, are more accurate than office
BP readings in routine clinical practice and are similar to awake ambulatory BP readings, with
mean AOBP being devoid of any white coat effect. There has been some reluctance among
physicians to adopt this technique because of uncertainty about its advantages compared
with more traditional methods of recording BP during an office visit. Based on the evidence,
AOBP should now be the preferred method for recording BP in routine clinical practice.
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Ambulatory blood pressure (ABP) monitoring is now rec-
ognized as the best method for predicting the risk of
cardiovascular events in relation to an individual’s

blood pressure (BP) level. The association between ABP and
the risk of cardiovascular events is continuous, consistent, and
independent of other risk factors. Although the accurate mea-
surement of BP is the cornerstone for appropriate diagnosis and
treatment of hypertension, recent guidelines have ques-
tioned the accuracy, and consequently the role, of manual BP
measurement in routine clinical practice.1-3 Routine office
BP measurement is not only more susceptible to a “white coat
effect” (when BP measured in the office is higher than ABP),
but is also less accurate, correlating relatively poorly with the
awake ABP, and is more likely to be associated with digit pref-
erence (rounding off readings to the nearest zero value).4 The
advent of oscillometric sphygmomanometers as a replace-
ment for manual BP measurement may improve the quality of
office BP readings by recording multiple measurements auto-
matically and by eliminating some aspects of human error.5

During the past decade, oscillometric sphygmomanom-
eters have been used in mostly 2 ways. One approach has been
to adapt oscillometric sphygmomanometers designed for self-
measurement of BP by patients in the home for use in the of-
fice. These oscillometric sphygmomanometers provide 1 or
more BP readings, with most other aspects of the BP measure-
ment process remaining the same, including office staff in close
proximity to the patient. The net result is that oscillometric BP
recordings in clinical practice are not much different from
manual BP readings, with both methods being associated with
a marked white coat effect.6,7

A second approach followed the introduction of oscillo-
metric recorders such as the Omron 907 (Omron Healthcare)
and BpTRU (BpTRU Medical Devices Inc), which were
capable of recording multiple BP readings automatically
without the need to have a physician or nurse present with
the patient. These devices have a built-in delay that allows
time for office staff to initiate the readings and then leave
the patient alone before the first reading starts. The most
important innovation with this technique, subsequently
called automated office BP (AOBP) measurement,8 was that
conversation between the patient and office staff was no
longer possible because the patient was alone, as talking was
known to be a major cause of the white coat effect. Also,
removing clinic staff likely reduces any anxiety caused by
the presence of nurses or physicians. Automated office BP
measurement may also be obtained if the readings are
recorded with the patient sitting alone in the waiting area of
the physician’s office or in a community pharmacy, provided
that office or pharmacy staff are not interacting with the
patient.9,10 Subsequent research into the use of AOBP mea-
surement has confirmed the initial belief that reducing
human involvement in the measurement of BP in the office
would improve the quality of the readings.6 Despite encour-
aging results in clinical studies in different settings, physi-
cians in the United States and Europe have been slow to
adopt AOBP measurement into routine office practices,
often claiming it was not feasible to do so.11 The Canadian
experience suggests otherwise, with 1 recent survey report-

ing that more than 50% of physicians in primary care may be
now using AOBP measurement in their practices.12

Until now, to our knowledge, there has not yet been a com-
prehensive evaluation of the literature on the comparability
of AOBP measurement and conventional office BP measure-
ment. In the present study we have performed a systematic
review and meta-analysis of various aspects of the use of AOBP
measurement, including a comparison with office BP mea-
surement in routine clinical practice, office BP recorded in
research studies, and awake ABP. Systolic BP is the primary
focus of this review, because diastolic BP has been less than
80 mm Hg in most studies involving AOBP. Systolic BP is also
more affected by the white coat response and is a more im-
portant determinant of an individual’s risk of experiencing a
cardiovascular event.

Methods
Search Strategy and Selection Criteria
Following the Preferred Reporting Items for Systematic Re-
views and Meta-Analyses,13 we conducted a systematic litera-
ture search (eFigure 1 in the Supplement) using MEDLINE,
Embase, and the Cochrane Library from 2003 through April
25, 2018, as well as our personal libraries, using key words re-
lating to automated BP measurement (eTable 1 in the Supple-
ment). In addition, we searched reference lists of identified ar-
ticles and related meta-analyses and reviews. Inclusion criteria
were as follows: (1) full-text article with unattended and fully
automated AOBP assessment, (2) reported mean difference
(MD) and SE (or enough data to calculate these) between AOBP
and at least 1 of 3 other BP measurements (awake ABP, re-
search BP, or routine office BP), (3) sample size of 30 or more
individuals, (4) maximum time elapsed between 2 types of BP
measurement 1 month or less, (5) maximum interval be-
tween AOBP measurements 2 minutes or less, (6) at least 3 read-
ings for AOBP (except 2 readings for the Mobil-o-graph de-
vice [IEM Gmbh]), and (7) study conducted in or after 2003
(when AOBP was first introduced).

Key Points
Question Should automated office blood pressure (recording
several blood pressure readings using a fully automated
oscillometric sphygmomanometer with the patient resting alone in
a quiet place) measurement replace readings recorded by nurses
and physicians in routine clinical practice?

Findings This systematic review and meta-analysis of 31 articles
comprising 9279 participants compared automated office blood
pressure with awake ambulatory blood pressure, a standard for
predicting cardiovascular risk. Mean automated office blood
pressure readings were similar to the awake ambulatory blood
pressure readings and did not exhibit the “white coat effect”
associated with routine office blood pressure measurement.

Meanings Automated office blood pressure measurement should
replace the recording of blood pressure by nurses and physicians
in routine clinical practice.
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No other restrictions were applied and authors were con-
tacted for missing or additional information, when required.
Two of us independently excluded articles based on title and
abstract on the first pass. Articles with unsure eligibility were
obtained in full text and discussed until consensus was reached.
Eligibility of articles retrieved in full text was determined by
consensus of all 3 of us.

Data Extraction
From all relevant articles, we extracted the first author’s name,
year of publication, country, calendar year(s) the study was con-
ducted, setting of the study, age of participants, body mass in-
dex (BMI) of participants, sex of participants (percentage of
men and women), number treated for hypertension, number
of participants, details of BP assessment (added rest period,
number of measurements, interval between measurements,
attendance by personnel, device, sequence, and randomiza-
tion), inclusion and exclusion criteria, and subgroup results de-
fined by hypertension status (systolic AOBP, ≥130 mm Hg).

Assessment of BP
We considered unattended BP measurement recorded with
fully automated devices as valid measurements of AOBP if
they did not require any involvement of the patient, such as
activating the device. All but 1 study14 used either the BpTRU
(5 readings at 1- to 2-minute intervals after an initial test read-
ing without antecedent rest), Omron 907 (3 readings, usually
at 1-minute intervals with 5 minutes of antecedent rest), or the
WatchBP Office (Microlife AG; 1-minute delay then 3 readings
at 1-minute intervals).

No additional rest was mandated before the initiation of
the AOBP measurements, although several studies,15-18 which
otherwise followed AOBP principles, did include an addi-
tional rest period. We used daytime or awake ABP as the stan-
dard for BP measurement. Automated office BP measure-
ment was available from all 31 eligible studies and awake ABP
from 22 studies.

The techniques used to record a separate manual or oscil-
lometric BP in research studies varied somewhat. We defined
a research quality office BP as a measurement performed ac-
cording to standard guidelines, such as those of the Ameri-
can Heart Association.3 A routine office BP measurement was
defined as a manual or electronic BP reading taken in usual
clinical practice and not as part of a research study. These read-
ings were obtained retrospectively after office staff, who were
unaware that the measurements would be used in a research
study, had recorded them. In order for the BPs to be consid-
ered routine and to avoid observer bias, they could not be mea-
sured prospectively as part of a study.

Quality Assessment
Quality score use in meta-analyses remains controversial.19,20

We restricted our inclusion to studies in which AOBP mea-
surement was performed in the absence of research staff (un-
attended) and recorded with a fully automated device in at least
30 participants. In the case of duplicate publications involv-
ing the same individuals, we used the most comprehensive data
available for each analysis.

For studies with a mean systolic AOBP of 130 mm Hg or
more, the influence of age, BMI, sex, source of the sample, in-
terval between BP measurements, additional rest periods, pro-
portion of patients being treated for hypertension, and the type
of automated device being used for BP measurement were
evaluated in meta-regression and subgroup analyses. Further-
more, we rated studies as high quality for a comparison be-
tween AOBP and awake ABP based on the following criteria
(in addition to our inclusion criteria): (1) no additional rest pe-
riod, (2) not based on a retrospective review of the medical rec-
ord, (3) patients were alone during AOBP measurement, and
(4) at least 3 AOBP readings were used to calculate a mean.
Studies that fulfilled all criteria were classified as high meth-
odological quality.

Statistical Analysis
We used the reported MD with 95% CI to calculate the differ-
ence between each BP measurement type. When such data
were not available, we calculated the MD and 95% CI based on
reported means, 95% CIs were calculated based on reported
SEs or SDs, and the correlation coefficient or P value for the
MD of paired data.21 All P values were from 2-tailed tests and
results were deemed statistically significant at P < .05. Inter-
quartile ranges were used to estimate the SDs by the method
of Wan et al.22 In cases in which only the mean and SD for
2 types of BP measurement were available (n = 3 studies for a
comparison of AOBP and awake ABP), we used the weighted
mean correlation coefficient from studies that provided such
data.21

Mean differences were pooled with inverse-variance
weighting using DerSimonian-Laird random-effect models to
allow for between-study heterogeneity23 Small-study effects
were examined using the regression-based test of Egger et al.24

Variation in the effect size because of between-study hetero-
geneity was quantified using the I2 statistic.25 Applying a ran-
dom-effects meta-regression26 significance level of P < .10, we
conducted analyses for the effect of: (1) mean age (continu-
ous, years), (2) mean BMI (continuous, calculated as weight in
kilograms divided by height in meters squared), (3) hyperten-
sion status (systolic BP ≥130 mm Hg based on AOBP), (4) rest
period (standard procedure vs added rest), (5) interval be-
tween AOBP measurements, (6) setting (referral or specialist
clinic vs general practice setting or population-based), (7) de-
vice (BpTRU, Omron 907, WatchBP Office, or Mobil-o-graph),
and (8) percentage of treated patients. In a sensitivity analy-
sis, we used awake systolic ABP (≥130 mm Hg) as the defini-
tion for hypertension status. All meta-analyses were con-
ducted with Stata statistical software, version 14.2 (Stata Corp).

Results
Literature Search and Study Characteristics
Of 2359 initial unique articles, 59 were reviewed in full text
(eFigure 1 in the Supplement). Twenty-eight reports were
excluded (reasons for exclusion are shown in eTable 2 in
the Supplement). In total, we used data from 31 articles
(Table 1;10,14-18,27-51 eTable 3 in the Supplement) including 9279
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participants, with data from 4736 men and 4543 women. The
sample size ranged from 43 to 2145 participants. The weighted
mean age of participants was 55.9 years (range, 39-69.5 years).
In approximately half of the studies, participants had a mean
systolic AOBP of 130 mm Hg or more (n = 4892). Studies were
conducted in a range of high-income countries (Table 1).
Most studies (n = 18) were conducted in Canada10,15,16,27-41;
3 in the United States42-44; 3 in the Czech Republic17,45,46; 2 in
Greece47,48; 1 each in Germany,49 Ireland,50 and Spain51; and
2 studies included multiple countries,14,18 including Austra-
lia and Poland. Two reports of the CAMBO (Conventional vs
Automated Measurement of Blood Pressure in the Office)
trial38,39 were used because the BP assessments were per-
formed 2 years apart. Five studies randomized the order of BP
measurement.18,28,29,31,37 All but 3 of the studies that re-
ported awake ABP measurements17,37,47 performed ambula-
tory blood pressure monitoring (ABPM) on the same day after
AOBP measurements.

Meta-analyses
The pooled MD in systolic BP between routine BP and awake
ABP measurements14,27,33,34,36,38 was 13.4 mm Hg (95% CI, 9.5-
17.5; I2 = 96%; P < .001) (eFigure 2 in the Supplement). For dia-
stolic BP, the pooled MD was 5.9 mm Hg (eFigure 3 in the Supple-
ment). Based on 5 studies17,35,37,44,47 the pooled MD between
awake ABP and AOBP measurements in studies with systolic
AOBP less than 130 mm Hg was 5.4 mm Hg (95% CI, 1.7-9.1;
I2 = 96%; P < .001) (eFigure 4 in the Supplement), showing that
awake ABP was higher than AOBP in this normotensive BP range.
The difference in MD between patients with normal BP and hy-
pertension based on AOBP was statistically significant. Nine-
teen samples from 18 articles10,14-16,18,27,30,32-36,38-41,47,51 re-
ported comparisons between awake ABP, research BP, and
routine BP measurements and mean systolic AOBP of 130
mm Hg or more. There was no difference in systolic BP be-
tween awake ABP and AOBP (pooled MD, 0.3; 95% CI, −1.1 to
1.7; n = 19; I2 = 90%, P < .001) (Figure 1). Blood pressure mea-
surements obtained under research conditions15,18,28,32,33,35,49,51

were substantially higher compared with systolic AOBP (pooled
MD, 7.0; 95% CI, 4.9-9.1; n = 9 samples; I2 = 85.7%; P < .001)
(Figure 2). The largest difference between routine BP measure-
ments and systolic AOBP measurements was observed in
9 studies14,27,29,33,34,36,38,42,45 (pooled MD, 14.5; 95% CI, 11.8-
17.2; I2 = 94.3%; P < .001) (Figure 3). This difference was com-
parable with the difference between awake ABP and routine of-
fice BP measurements (eFigure 2 in the Supplement). Repeating
the analysis with diastolic BP readings showed similar results
(eFigure 5 in the Supplement).

We conducted several meta-regression analyses to inves-
tigate the statistical heterogeneity observed in the compari-
son between AOBP and awake ABP measurements in studies
with AOBP of 130 mm Hg or more. Age (−0.3 mm Hg per in-
crease in years; n = 19; P = .22), BMI (−0.2 mm Hg per 1-unit
increase in BMI; n = 7; P = .93), number of treated patients
(0.001–mm Hg increase per 1% increase in proportion of treated
patients; n = 16; P = .76), and sex (−0.2 mm Hg per 1% in-
crease in the proportion of males; n = 19; P = .45) did not ex-
plain the statistical heterogeneity. Four studies15,16,18,47 usedTa
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added rest before AOBP measurement, which did not result in
a significant difference compared with standard AOBP mea-
surement in comparison with awake ABP measurement for
each device (−2.4 mm Hg; n = 19; P = .31) (eFigure 6 in the
Supplement). Similarly, the interval between AOBP measure-
ments (1 or 2 minutes) was not significantly associated with
the difference between AOBP and awake ABP (−1.9 mm Hg;
n = 14; P = .25) (eFigure 7 in the Supplement).

There was consistency among the recording devices, which
showed no significant differences between AOBP and awake

ABP (BpTRU, 0.8 mm Hg; 95% CI, −1.0 to 2.5 mm Hg; n = 14;
WatchBP, −1.3 mm Hg; 95% CI, −4.0 to 1.4 mm Hg; n = 4; Mobil-
o-graph, 0.00 mm Hg; 95% CI, −2.2 to 2.2 mm Hg; n = 1) (eFig-
ure 8 in the Supplement). In addition, there was no differ-
ence in AOBP and awake ABP for studies that included patients
from specialist clinics or those referred for 24-hour ABPM
(pooled MD, 0.6 mm Hg; 95% CI, −1.4 to 2.6 mm Hg; n = 14;
I2 = 91%; P < .001) and for unselected samples of patients
(pooled MD, −0.3 mm Hg; 95% CI, −2.1 to 1.6 mm Hg; n = 5;
I2 = 83%; P < .001) (eFigure 9 in the Supplement). Studies that

Figure 1. Mean Difference (MD) in Systolic Blood Pressure Between Automated Office Blood Pressure (AOBP) (Reference)
and Awake Ambulatory Blood Pressure (ABP) Measurement in Samples With Systolic AOBP of 130 mm Hg or Higher
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Figure 2. Mean Difference (MD) in Systolic Blood Pressure (BP) Between Automated Office Blood Pressure (AOBP) (Reference)
and Research BP Measurement in Samples With Systolic AOBP of 130 mm Hg or Higher
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were classified as high quality, which were more clinically ho-
mogeneous, showed similar results as our main analysis
(pooled MD, 0.2 mm Hg; 95% CI, −1.3 to 1.6 mm Hg; I2 = 85%;
P < .001) (eFigure 10 in the Supplement). Table 2 summarizes
the results of the main and subgroup analyses.

We found no evidence for small-study effects or publi-
cation bias for the main analysis of a comparison between
AOBP and awake ABP for individuals with hypertension
based on funnel plots (eFigures 11 and 12 in the Supplement)
or formal tests (Egger test, P = .93 for systolic BP and P = .67
for diastolic BP). There was little evidence of possible bias in
the form of financial support by manufacturers of devices
for the studies. Only 2 of 31 studies included in the meta-
analysis declared partial support from a manufacturer.18,28

The results from 5 studies that randomized the order of BP

measurement were generally in the same range as analyses
using all available studies.

Leaving each trial out of the analysis one at a time re-
vealed no meaningful differences in MD (eFigures 13 and 14
in the Supplement). A sensitivity analysis using awake sys-
tolic ABP of 130 mm Hg or more as the definition of hyperten-
sion showed similar results (pooled MD, 1.1 mm Hg; 95% CI;
−0.7 to 2.8 mm Hg; n = 21; I2 = 94%; P < .001) for a compari-
son between AOBP and awake ABP.

Discussion
This study is the first comprehensive systematic review and
meta-analysis, to our knowledge, to compare AOBP with other

Table 2. Mean Differences in Systolic Blood Pressure Between AOBP and Awake ABP, Research BP,
and Routine Office BP Measurements in Patients With Hypertensiona

Comparison of BP Measurements
No. of
Samples

Mean Difference
(95% CI), mm Hg Conclusion

Main Analyses

AOBP vs awake ABP measurement 19 −0.3 (−1.1 to 1.7) AOBP = ABP

AOBP vs research BP measurement 9 7.0 (4.9 to 9.1) AOBP < research BP

AOBP vs routine office
BP measurement

9 14.5 (11.8 to 17.2) AOBP < routine
office BP

Subgroup Analyses

AOBP vs awake ABP measurement

No added rest 15 0.8 (−0.8 to 2.3) AOBP = ABP

Added rest 4 −1.7 (−1.1 to 1.7) AOBP = ABP

1-min interval 8 −0.2 (−2.2 to 1.9) AOBP = ABP

2-min interval 6 −2.0 (−3.5 to −0.4) AOBP > ABP

BpTRU 14 0.8 (−1.0 to 2.5) AOBP = ABP

WatchBP Office 4 −1.3 (−4.0 to 1.4) AOBP = ABP

Mobilo-graph 1 0.0 (−1.1 to 1.7) AOBP = ABP

Unselected population 5 −0.3 (−2.2 to 1.6) AOBP = ABP

Referral or specialist 14 0.6 (−1.4 to 2.6) AOBP = ABP

High-quality studies 12 0.2 (−1.3 to 1.6) AOBP = ABP

Awake ABP ≥130 mm Hg 21 1.1 (−0.7 to 2.8) AOBP = ABP

Abbreviations: ABP, ambulatory
blood pressure; AOBP, automated
office blood pressure; BP, blood
pressure.
a Hypertension defined as AOBP of

130 mm Hg or higher.

Figure 3. Mean Difference (MD) in Systolic Blood Pressure (BP) Between Automated Office Blood Pressure (AOBP) (Reference)
and Routine Office BP Measurement in Samples With Systolic AOBP of 130 mm Hg or Higher
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Weights are from random-effects analysis.
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techniques of BP measurement in identifying patients with pos-
sible hypertension to be confirmed subsequently by ABPM
or home BP. The meta-analysis comparing AOBP with awake
ABP in patients with hypertension showed that the mean
systolic BP reading derived from 19 samples from 18
articles10,14-16,18,27,30,32-36,38-41,47,51 was virtually identical for both
techniques (Figure 1). Systolic AOBP differed from awake ABP
by more than 5 mm Hg in only 2 studies,41,51 1 of which41 was a
retrospective medical record review from an ABPM center.

Otherwise, despite the large statistical heterogeneity,
which is expected considering the relatively large sample size
in each study, the results exhibited a minimal amount of clini-
cal heterogeneity, with results being confirmed in our analy-
sis of high-methodological quality studies. Although most of
the studies did not randomize the sequence of BP measure-
ments, leaving the possibility of an order effect, the studies that
did randomize the sequence of BP measurements reported
similar results to those that did not. With regard to timing of
the measurements, almost all studies measured AOBP and
awake ABP on the same day, thus minimizing differences due
to timing. Furthermore, no study had an overly large influ-
ence, pooled results were consistent across subgroup and meta-
regression analyses, and there was no evidence of publica-
tion bias. In addition, we examined the association between
AOBP and awake ABP in patients with normal BP.17,35,37,44,48

With 1 exception,48 the mean AOBP was lower than the mean
awake ABP by approximately 5 mm Hg. These findings are con-
sistent with other comparisons between awake ABP and both
manual and oscillometric office BP readings in patient popu-
lations with normal BP.52

AmongthestudiesonAOBPincludedinouranalyses,wealso
identified 6 studies14,27,33,34,36,38 comparing office BP readings
recorded in routine clinical practice with awake ABP (eFigure 2
intheSupplement).TheMDforroutineofficeBPwassignificantly
higher (13.5 mm Hg; 95% CI, 9.5-17.5 mm Hg) and similar in mag-
nitude to the difference observed in other studies. Previous re-
viewsofofficeBPrecordedinresearchstudiesaccordingtoguide-
lines have equated an office BP of 140/90 mm Hg with an awake
ABP of 135/85 mm Hg. The results of our meta-analyses clearly
show that the routine office BP is substantially higher, suggest-
ing that proper BP measurement techniques in clinical practice
wererarelyfollowed.Thiswhitecoateffectwasalsopresentwhen
office BP in primary care was recorded in duplicate using an os-
cillometric sphygmomanometer. In 27 211 patients with hyper-
tension in the Spanish ABPM Registry, the mean oscillometric
office BP was 160/89 mm Hg, compared with a mean awake ABP
of 135/78 mm Hg.7 Thus, simply replacing manual BP with an os-
cillometric device did not eliminate the white coat effect.

Given that the AOBP in patients with hypertension is com-
parable with the awake ABP, a routine office BP should be sub-
stantially higher than the corresponding AOBP reading. Our
meta-analysis of 9 studies14,27,29,33,34,36,38,42,45 involving pa-

tients with hypertension showed the mean routine office sys-
tolic BP to be almost 15 mm Hg higher than the mean AOBP
(Figure 3). This difference was similar in magnitude to what
was seen in the comparison between the routine office BP and
the awake ABP and was consistent. If a white coat effect is de-
fined on the basis of the difference between mean office BP
and mean awake ABP, then AOBP appeared to eliminate the
overall white coat effect usually associated with office BP.

Because AOBP is comparable to the awake ABP in hyperten-
sive patients, one would also expect the AOBP to be lower than
officeBPreadingsrecordedinresearchstudiesaccordingtoguide-
lines. Results from the meta-analysis of 9 samples from 8
articles15,18,28,32,33,35,49,51 involving patients with hypertension
(Figure2)confirmedthishypothesis,withthemeansystolicAOBP
being 7 mm Hg lower than the corresponding mean research of-
fice BP. Thus, even if a research quality BP were to be performed
in routine clinical practice, AOBP would still have the advantage
of having the same threshold as awake ABP (135/85 mm Hg) for
diagnosing hypertension, whereas the research office BP thresh-
old would still be 140/90 mm Hg. The 3 key aspects of AOBP must
always be followed if higher readings are to be avoided: multiple
BP readings, recorded with a fully automated device, with the pa-
tient resting quietly and alone. Only 1 study, by Bauer et al,49 has
reported a mean research quality systolic BP similar to the AOBP.
Incontrast,thefindingsintheother8samplesfrom7articlescom-
paring research BP with AOBP showed the research BP to be con-
sistently higher (Figure 2). It is questionable if the very strict BP
measurement conditions in the study of Bauer et al,49 especially
no conversation or other interaction with the patient, can be re-
alistically reproduced in routine clinical practice.

If AOBP is to be used in clinical practice, readings must
closely adhere to the procedures used in the AOBP studies in
this meta-analysis, including multiple BP readings recorded
with a fully automated oscillometric sphygmomanometer
while the patient rests alone in a quiet place. Using this ap-
proach, AOBP has been the preferred technique for office BP
measurement in the evidence-based Hypertension Canada
guidelines2 since 2016 and is now routinely used by many Ca-
nadian primary care physicians.12 The existing evidence sup-
ports the use of AOBP to screen patients for possible hyper-
tension in clinical practice, especially if one takes into account
the white coat effect associated with current manual or oscil-
lometric techniques for office BP measurement. The use of
AOBP in clinical practice has also been recognized elsewhere,
such as in a forthcoming statement on blood pressure mea-
surement from the American Heart Association and in the re-
cent guidelines from the American College of Cardiology/
American Heart Association Task Force on Clinical Practice
Guidelines.3 Automated office BP should now be the pre-
ferred method for recording BP in routine clinical practice to
identify patients with possible hypertension, with the diag-
nosis to be confirmed by 24-hour ABPM or home BP.

ARTICLE INFORMATION

Accepted for Publication: September 29, 2018.

Published Online: February 4, 2019.
doi:10.1001/jamainternmed.2018.6551

Author Contributions: Drs Roerecke and Myers
had full access to all of the data in the study and
takes responsibility for the integrity of the data and
the accuracy of the data analysis.
Concept and design: All authors.

Acquisition, analysis, or interpretation of data: All
authors.
Drafting of the manuscript: All authors.
Critical revision of the manuscript for important
intellectual content: All authors.

Research Original Investigation Automated Office BP Readings vs Other Methods of BP Measurement to Identify Hypertension

E10 JAMA Internal Medicine Published online February 4, 2019 (Reprinted) jamainternalmedicine.com

© 2019 American Medical Association. All rights reserved.

Downloaded from jamanetwork.com by Hopital Edouard Herriot (I894) user on 02/06/2019

https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamainternmed.2018.6551&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2018.6551
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamainternmed.2018.6551&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2018.6551
http://www.jamainternalmedicine.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2018.6551


Statistical analysis: Roerecke.
Administrative, technical, or material support: All
authors.
Supervision: All authors.

Conflict of Interest Disclosures: None reported.

REFERENCES

1. National Institute for Health and Clinical
Excellence. Hypertension NICE Clinical Guidelines 127.
London, UK: National Clinical Guidelines Centre; 2011.

2. Leung AA, Nerenberg K, Daskalopoulou SS, et al;
CHEP Guidelines Task Force. Hypertension
Canada’s 2016 Canadian Hypertension Education
Program guidelines for blood pressure
measurement, diagnosis, assessment of risk,
prevention, and treatment of hypertension. Can J
Cardiol. 2016;32(5):569-588. doi:10.1016/j.cjca.2016.
02.066

3. Whelton PK, Carey RM, Aronow WS, et al. 2017
ACC/AHA/AAPA/ABC/ACPM/AGS/APhA/ASH/ASPC/
NMA/PCNA guideline for the prevention, detection,
evaluation, and management of high blood
pressure in adults: a report of the American College
of Cardiology/American Heart Association Task
Force on Clinical Practice Guidelines. Hypertension.
2018;71(6):1269-1324. doi:10.1161/HYP.
0000000000000066

4. Myers MG. The great myth of office blood
pressure measurement. J Hypertens. 2012;30(10):
1894-1898. doi:10.1097/HJH.0b013e3283577b05

5. Myers MG. Eliminating the human factor in office
blood pressure measurement. J Clin Hypertens
(Greenwich). 2014;16(2):83-86. doi:10.1111/jch.12252

6. Myers MG. A short history of automated office
blood pressure—15 years to SPRINT. J Clin Hypertens
(Greenwich). 2016;18(8):721-724. doi:10.1111/jch.
12820

7. de la Sierra A, Banegas JR, Divisón JA, et al.
Ambulatory blood pressure in hypertensive
patients with inclusion criteria for the SPRINT trial.
J Am Soc Hypertens. 2016;10(12):947-953.e5. doi:
10.1016/j.jash.2016.10.013

8. Myers MG, Godwin M, Dawes M, Kiss A, Tobe
SW, Kaczorowski J. Measurement of blood pressure
in the office: recognizing the problem and
proposing the solution. Hypertension. 2010;55(2):
195-200. doi:10.1161/HYPERTENSIONAHA.109.141879

9. Chambers LW, Kaczorowski J, O’Rielly S, Ignagni
S, Hearps SJC. Comparison of blood pressure
measurements using an automated blood pressure
device in community pharmacies and family
physicians’ offices: a randomized controlled trial.
CMAJ Open. 2013;1(1):E37-E42. doi:10.9778/cmajo.
20130005

10. Armstrong D, Matangi M, Brouillard D, Myers
MG. Automated office blood pressure—being alone
and not location is what matters most. Blood Press
Monit. 2015;20(4):204-208. doi:10.1097/MBP.
0000000000000133

11. Stergiou G, Kollias A, Parati G, O’Brien E. Office
blood pressure measurement: the weak
cornerstone of hypertension diagnosis. Hypertension.
2018;71(5):813-815. doi:10.1161/HYPERTENSIONAHA.
118.10850

12. Kaczorowski J, Myers MG, Gelfer M, et al. How
do family physicians measure blood pressure in
routine clinical practice? national survey of
Canadian family physicians. Can Fam Physician.
2017;63(3):e193-e199.

13. Moher D, Liberati A, Tetzlaff J, Altman DG;
PRISMA Group. Preferred reporting items for
systematic reviews and meta-analyses: the PRISMA
statement. Ann Intern Med. 2009;151(4):264-269,
W64. doi:10.7326/0003-4819-151-4-200908180-
00135

14. Moore MN, Schultz MG, Nelson MR, et al.
Identification of the optimal protocol for
automated office blood pressure measurement
among patients with treated hypertension. Am J
Hypertens. 2018;31(3):299-304. doi:10.1093/ajh/
hpx180

15. Edwards C, Hiremath S, Gupta A, McCormick
BB, Ruzicka M. BpTRUth: do automated blood
pressure monitors outperform mercury? J Am Soc
Hypertens. 2013;7(6):448-453. doi:10.1016/j.jash.
2013.07.002

16. Padwal RS, Townsend RR, Trudeau L, Hamilton
PG, Gelfer M. Comparison of an in-pharmacy
automated blood pressure kiosk to daytime
ambulatory blood pressure in hypertensive
subjects. J Am Soc Hypertens. 2015;9(2):123-129.
doi:10.1016/j.jash.2014.11.004

17. Filipovský J, Seidlerová J, Ceral J, et al.
A multicentre study on unattended automated
office blood pressure measurement in treated
hypertensive patients. Blood Press. 2018;27(4):188-
193. doi:10.1080/08037051.2018.1425606

18. Ishikawa J, Nasothimiou EG, Karpettas N, et al.
Automatic office blood pressure measured without
doctors or nurses present. Blood Press Monit.
2012;17(3):96-102. doi:10.1097/MBP.
0b013e328352ade4

19. Greenland S, O’Rourke K. On the bias produced
by quality scores in meta-analysis, and a
hierarchical view of proposed solutions. Biostatistics.
2001;2(4):463-471. doi:10.1093/biostatistics/2.4.463

20. Herbison P, Hay-Smith J, Gillespie WJ.
Adjustment of meta-analyses on the basis of quality
scores should be abandoned. J Clin Epidemiol.
2006;59(12):1249-1256. doi:10.1016/j.jclinepi.2006.
03.008

21. Higgins JPT, Green S, eds. Cochrane Handbook
for Systematic Reviews of Interventions: Version
5.1.0 https://handbook.cochrane.org/. Updated
March 2011. Accessed July 7, 2016.

22. Wan X, Wang W, Liu J, Tong T. Estimating the
sample mean and standard deviation from the
sample size, median, range and/or interquartile
range. BMC Med Res Methodol. 2014;14:135. doi:10.
1186/1471-2288-14-135

23. DerSimonian R, Laird N. Meta-analysis in
clinical trials. Control Clin Trials. 1986;7(3):177-188.
doi:10.1016/0197-2456(86)90046-2

24. Egger M, Davey Smith G, Schneider M, Minder
C. Bias in meta-analysis detected by a simple,
graphical test. BMJ. 1997;315(7109):629-634.
doi:10.1136/bmj.315.7109.629

25. Higgins JP, Thompson SG. Quantifying
heterogeneity in a meta-analysis. Stat Med. 2002;
21(11):1539-1558. doi:10.1002/sim.1186

26. Thompson SG, Higgins JP. How should
meta-regression analyses be undertaken and
interpreted? Stat Med. 2002;21(11):1559-1573.
doi:10.1002/sim.1187

27. Beckett L, Godwin M. The BpTRU automatic
blood pressure monitor compared to 24 hour
ambulatory blood pressure monitoring in the
assessment of blood pressure in patients with

hypertension. BMC Cardiovasc Disord. 2005;5(1):18.
doi:10.1186/1471-2261-5-18

28. Campbell NRC, Conradson HE, Kang J, Brant R,
Anderson T. Automated assessment of blood
pressure using BpTRU compared with assessments
by a trained technician and a clinic nurse. Blood
Press Monit. 2005;10(5):257-262. doi:10.1097/01.
mbp.0000173486.44648.b2

29. Myers MG. Automated blood pressure
measurement in routine clinical practice. Blood
Press Monit. 2006;11(2):59-62. doi:10.1097/01.
mbp.0000200481.64787.c0

30. Myers MG, Valdivieso M, Kiss A. Optimum
frequency of office blood pressure measurement
using an automated sphygmomanometer. Blood
Press Monit. 2008;13(6):333-338. doi:10.1097/MBP.
0b013e3283104247

31. Myers MG, McInnis NH, Fodor GJ, Leenen FH.
Comparison between an automated and manual
sphygmomanometer in a population survey. Am J
Hypertens. 2008;21(3):280-283. doi:10.1038/ajh.
2007.54

32. Myers MG, Valdivieso M, Kiss A. Consistent
relationship between automated office blood
pressure recorded in different settings. Blood Press
Monit. 2009;14(3):108-111. doi:10.1097/MBP.
0b013e32832c5167

33. Myers MG, Valdivieso M, Kiss A. Use of
automated office blood pressure measurement
to reduce the white coat response. J Hypertens.
2009;27(2):280-286. doi:10.1097/HJH.
0b013e32831b9e6b

34. Myers MG. A proposed algorithm for
diagnosing hypertension using automated office
blood pressure measurement. J Hypertens. 2010;
28(4):703-708. doi:10.1097/HJH.
0b013e328335d091

35. Myers MG, Valdivieso M, Chessman M, Kiss A.
Can sphygmomanometers designed for
self-measurement of blood pressure in the home be
used in office practice? Blood Press Monit. 2010;15
(6):300-304. doi:10.1097/MBP.0b013e328340d128

36. Godwin M, Birtwhistle R, Delva D, et al. Manual
and automated office measurements in relation to
awake ambulatory blood pressure monitoring. Fam
Pract. 2011;28(1):110-117. doi:10.1093/fampra/cmq067

37. Lamarre-Cliché M, Cheong NNG, Larochelle P.
Comparative assessment of four blood pressure
measurement methods in hypertensives. Can J
Cardiol. 2011;27(4):455-460. doi:10.1016/j.cjca.2011.
05.001

38. Myers MG, Godwin M, Dawes M, et al.
Conventional versus automated measurement of
blood pressure in primary care patients with
systolic hypertension: randomised parallel design
controlled trial. BMJ. 2011;342:d286. doi:10.1136/
bmj.d286

39. Myers MG, Godwin M, Dawes M, Kiss A, Tobe
SW, Kaczorowski J. Conventional Versus
Automated Measurement of Blood Pressure in the
Office (CAMBO) trial. Fam Pract. 2012;29(4):376-382.
doi:10.1093/fampra/cmr113

40. Myers MG, Valdivieso M. Evaluation of an
automated sphygmomanometer for use in the
office setting. Blood Press Monit. 2012;17(3):116-119.
doi:10.1097/MBP.0b013e3283540785

41. Ringrose JS, Cena J, Ip S, Morales F, Hamilton P,
Padwal R. Comparability of automated office blood
pressure to daytime 24-hour ambulatory blood

Automated Office BP Readings vs Other Methods of BP Measurement to Identify Hypertension Original Investigation Research

jamainternalmedicine.com (Reprinted) JAMA Internal Medicine Published online February 4, 2019 E11

© 2019 American Medical Association. All rights reserved.

Downloaded from jamanetwork.com by Hopital Edouard Herriot (I894) user on 02/06/2019

https://dx.doi.org/10.1016/j.cjca.2016.02.066
https://dx.doi.org/10.1016/j.cjca.2016.02.066
https://dx.doi.org/10.1161/HYP.0000000000000066
https://dx.doi.org/10.1161/HYP.0000000000000066
https://dx.doi.org/10.1097/HJH.0b013e3283577b05
https://dx.doi.org/10.1111/jch.12252
https://dx.doi.org/10.1111/jch.12820
https://dx.doi.org/10.1111/jch.12820
https://dx.doi.org/10.1016/j.jash.2016.10.013
https://dx.doi.org/10.1161/HYPERTENSIONAHA.109.141879
https://dx.doi.org/10.9778/cmajo.20130005
https://dx.doi.org/10.9778/cmajo.20130005
https://dx.doi.org/10.1097/MBP.0000000000000133
https://dx.doi.org/10.1097/MBP.0000000000000133
https://dx.doi.org/10.1161/HYPERTENSIONAHA.118.10850
https://dx.doi.org/10.1161/HYPERTENSIONAHA.118.10850
https://www.ncbi.nlm.nih.gov/pubmed/28292817
https://www.ncbi.nlm.nih.gov/pubmed/28292817
https://dx.doi.org/10.7326/0003-4819-151-4-200908180-00135
https://dx.doi.org/10.7326/0003-4819-151-4-200908180-00135
https://dx.doi.org/10.1093/ajh/hpx180
https://dx.doi.org/10.1093/ajh/hpx180
https://dx.doi.org/10.1016/j.jash.2013.07.002
https://dx.doi.org/10.1016/j.jash.2013.07.002
https://dx.doi.org/10.1016/j.jash.2014.11.004
https://dx.doi.org/10.1080/08037051.2018.1425606
https://dx.doi.org/10.1097/MBP.0b013e328352ade4
https://dx.doi.org/10.1097/MBP.0b013e328352ade4
https://dx.doi.org/10.1093/biostatistics/2.4.463
https://dx.doi.org/10.1016/j.jclinepi.2006.03.008
https://dx.doi.org/10.1016/j.jclinepi.2006.03.008
https://handbook.cochrane.org/
https://dx.doi.org/10.1186/1471-2288-14-135
https://dx.doi.org/10.1186/1471-2288-14-135
https://dx.doi.org/10.1016/0197-2456(86)90046-2
https://dx.doi.org/10.1136/bmj.315.7109.629
https://dx.doi.org/10.1002/sim.1186
https://dx.doi.org/10.1002/sim.1187
https://dx.doi.org/10.1186/1471-2261-5-18
https://dx.doi.org/10.1097/01.mbp.0000173486.44648.b2
https://dx.doi.org/10.1097/01.mbp.0000173486.44648.b2
https://dx.doi.org/10.1097/01.mbp.0000200481.64787.c0
https://dx.doi.org/10.1097/01.mbp.0000200481.64787.c0
https://dx.doi.org/10.1097/MBP.0b013e3283104247
https://dx.doi.org/10.1097/MBP.0b013e3283104247
https://dx.doi.org/10.1038/ajh.2007.54
https://dx.doi.org/10.1038/ajh.2007.54
https://dx.doi.org/10.1097/MBP.0b013e32832c5167
https://dx.doi.org/10.1097/MBP.0b013e32832c5167
https://dx.doi.org/10.1097/HJH.0b013e32831b9e6b
https://dx.doi.org/10.1097/HJH.0b013e32831b9e6b
https://dx.doi.org/10.1097/HJH.0b013e328335d091
https://dx.doi.org/10.1097/HJH.0b013e328335d091
https://dx.doi.org/10.1097/MBP.0b013e328340d128
https://dx.doi.org/10.1093/fampra/cmq067
https://dx.doi.org/10.1016/j.cjca.2011.05.001
https://dx.doi.org/10.1016/j.cjca.2011.05.001
https://dx.doi.org/10.1136/bmj.d286
https://dx.doi.org/10.1136/bmj.d286
https://dx.doi.org/10.1093/fampra/cmr113
https://dx.doi.org/10.1097/MBP.0b013e3283540785
http://www.jamainternalmedicine.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2018.6551


pressure. Can J Cardiol. 2018;34(1):61-65. doi:10.
1016/j.cjca.2017.09.022

42. Bhatt H, Siddiqui M, Judd E, Oparil S, Calhoun
D. Prevalence of pseudoresistant hypertension due
to inaccurate blood pressure measurement. J Am
Soc Hypertens. 2016;10(6):493-499. doi:10.1016/j.
jash.2016.03.186

43. Goldberg EM, Wilson T, Saucier C, et al.
Achieving the BpTRUth: emergency department
hypertension screening and the Centers for
Medicare & Medicaid Services quality measure.
J Am Soc Hypertens. 2017;11(5):290-294. doi:10.
1016/j.jash.2017.03.003

44. Agarwal R. Implications of blood pressure
measurement technique for implementation of
Systolic Blood Pressure Intervention Trial (SPRINT).
J Am Heart Assoc. 2017;6(2):e004536. doi:10.1161/
JAHA.116.004536

45. Filipovský J, Seidlerová J, Kratochvíl Z,
Karnosová P, Hronová M, Mayer O Jr. Automated
compared to manual office blood pressure and to

home blood pressure in hypertensive patients.
Blood Press. 2016;25(4):228-234. doi:10.3109/
08037051.2015.1134086

46. Wohlfahrt P, Cífková R, Movsisyan N, et al.
Threshold for diagnosing hypertension by
automated office blood pressure using random
sample population data. J Hypertens. 2016;34(11):
2180-2186. doi:10.1097/HJH.0000000000001076

47. Andreadis EA, Angelopoulos ET, Tsakanikas AP,
Agaliotis GD, Kravvariti SD, Mousoulis GP.
Automated office versus home measurement of
blood pressure in the assessment of morning
hypertension. Blood Press Monit. 2012;17(1):24-34.
doi:10.1097/MBP.0b013e3283503760

48. Andreadis EA, Geladari CV, Angelopoulos ET,
Savva FS, Georgantoni AI, Papademetriou V.
Attended and unattended automated office blood
pressure measurements have better agreement
with ambulatory monitoring than conventional
office readings. J Am Heart Assoc. 2018;7(8):
e008994. doi:10.1161/JAHA.118.008994

49. Bauer F, Seibert FS, Rohn B, et al. Attended
versus unattended blood pressure measurement in
a real life setting. Hypertension. 2018;71(2):243-249.
doi:10.1161/HYPERTENSIONAHA.117.10026

50. O’Shaughnessy MM, Newman CA, Kinsella SM,
Reddan DN, Lappin DW. In-office assessment of
blood pressure in chronic kidney disease: usual
measurement versus automated BpTRU
measurement. Blood Press Monit. 2011;16(3):124-128.
doi:10.1097/MBP.0b013e328346e0db

51. García-Donaire JA, Dalfó Baqué A, Sanclemente
Ansó C, et al. Medida de la presión arterial en
consulta y automatizada (BPTru) para evaluar el
efecto de bata blanca. Med Clin (Barc). 2012;138
(14):597-601. doi:10.1016/j.medcli.2011.10.030

52. Myers MG, Kaczorowski J. Office blood
pressure is lower than awake ambulatory blood
pressure at lower targets for treatment. J Clin
Hypertens (Greenwich). 2017;19(12):1210-1213.
doi:10.1111/jch.13090

Research Original Investigation Automated Office BP Readings vs Other Methods of BP Measurement to Identify Hypertension

E12 JAMA Internal Medicine Published online February 4, 2019 (Reprinted) jamainternalmedicine.com

© 2019 American Medical Association. All rights reserved.

Downloaded from jamanetwork.com by Hopital Edouard Herriot (I894) user on 02/06/2019

https://dx.doi.org/10.1016/j.cjca.2017.09.022
https://dx.doi.org/10.1016/j.cjca.2017.09.022
https://dx.doi.org/10.1016/j.jash.2016.03.186
https://dx.doi.org/10.1016/j.jash.2016.03.186
https://dx.doi.org/10.1016/j.jash.2017.03.003
https://dx.doi.org/10.1016/j.jash.2017.03.003
https://dx.doi.org/10.1161/JAHA.116.004536
https://dx.doi.org/10.1161/JAHA.116.004536
https://dx.doi.org/10.3109/08037051.2015.1134086
https://dx.doi.org/10.3109/08037051.2015.1134086
https://dx.doi.org/10.1097/HJH.0000000000001076
https://dx.doi.org/10.1097/MBP.0b013e3283503760
https://dx.doi.org/10.1161/JAHA.118.008994
https://dx.doi.org/10.1161/HYPERTENSIONAHA.117.10026
https://dx.doi.org/10.1097/MBP.0b013e328346e0db
https://dx.doi.org/10.1016/j.medcli.2011.10.030
https://dx.doi.org/10.1111/jch.13090
http://www.jamainternalmedicine.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2018.6551

