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Abstract
Purpose of Review Automated office blood pressure (AOBP) measurements may provide more accurate estimation of blood
pressure (BP) than manual office blood pressure (MOBP) measurements. This systematic review investigated the diagnostic
performance of AOBP and MOBP using ambulatory blood pressure measurement (ABPM) as reference. Several databases
including MEDLINE, Embase, Scopus, and China Academic Journals were searched. Data were extracted, double-checked by
two investigators, and were analysed using a random effects model.
Recent Findings A total of 26 observational studies were included. The mean systolic/diastolic BP obtained by AOBP was not
significantly different from that obtained by ABPM. The sensitivity and specificity of AOBP to detect elevated BP were
approximately 70%. Fewer participants had white-coat hypertension on AOBP measurement than on MOBP measurement
(7% versus 14%); however, about 13% had masked hypertension on AOBP measurement. The width of the limit of agreement
comparing (i) AOBP and ABPM and (ii) MOBP and ABPM was comparable.
Summary AOBP may reduce the rate of the observed white-coat effect but undermine masked hypertension. The current
recommendation, however, is limited by the absence of high-quality studies and the high heterogeneity of our results. More
high-quality studies using different AOBP machines and in different population are therefore needed.
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Introduction

Hypertension (HT) is the most common chronic disease
worldwide, affecting 30% of the adult population [1, 2]. Due
to its high prevalence and related complications, HT poses a
substantial economic burden on healthcare systems [3].

The diagnosis and treatment of HT depend exclusively on
accurate BP assessment [4]. Out-of-office measurements such
as ambulatory BP monitoring (ABPM) and home BP moni-
toring (HBPM) are superior to office BP measurements in
predicting cardiovascular complications and mortality.
Nevertheless, the role of office BP should not be undermined
[5, 6]. Repeating ABPM is expensive and not feasible, and the
reporting bias and poor patient measurement techniques can
be problematic when HBPM is employed. Furthermore, al-
most all landmark randomised controlled trials (RCTs) inves-
tigating HT treatments utilise office BP as the primary
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endpoint [7, 8]. RCTs have also shown that an improvement
in office BP values can reduce cardiovascular events and/or
deaths [8].

Clinically, manual office BP (MOBP) measurements in-
volve BP measurements performed by doctors or clinical staff
using a mercury, aneroid, or electronic oscillometric sphyg-
momanometer and are prone to both white-coat and masked
effects [9]. Moreover, in daily practice, healthcare workers
have poor adherence to the recommended BP measurement
techniques (e.g. talking during BP measurements) and, thus,
introduce further measurement bias [10]. To improve the ac-
curacy of BP measurements in office settings, a BP measure-
ment method called automated office blood pressure (AOBP)
measurement was developed and is recommended in Canada
[11]. AOBPs are electronic oscillometric sphygmomanome-
ters (including BpTRU [VSMMedTech, Coquitlam, Canada],
Omron HEM-907 [OMRON, Tokyo, Japan], and Microlife
WatchBPOffice [Microlife, Heerbrugg, Switzerland]) that au-
tomatically and repeatedly measure BP 3–5 times in clinical
settings—typically at 1-min intervals (depending on the ma-
chine models)—in a quiet room and provide the mean of
consecutive BP measurements [11]. As BP readings can be
taken without healthcare professionals, AOBP should theoret-
ically decrease the rate of observed white-coat effect and im-
prove the accuracy of BP measurement by avoiding talking
during BP measurements. Despite multiple measurements ob-
tained by AOBP machines, the time required could be similar
to that with MOBP because patients may not necessarily rest
for 5 min prior to AOBP measurement [12, 13]. Recent meta-
analyses determined that mean BPs obtained by AOBP mea-
surement were similar to those obtained by daytime ABPM
(regarded as the reference standard of clinical BP measure-
ments) and HBPM; additionally, mean BPs fromMOBPwere
substantially higher than those obtained by AOBP, HBPM,
and ABPM [14–16].

Although mean BP readings obtained by AOBP measure-
ment and ABPM (when analysed as a group of patients) were
similar, it is unclear if the diagnostic performance of AOBP
measurement is superior to that of MOBP measurement as
they have different cut-off values for elevated BP (MOBP,
≥ 140/90 mmHg; AOBP, ≥ 135/85 mmHg) [12, 17].
Furthermore, white-coat and masked HTs are still observed
when BP is measured using AOBP and BP values from
AOBP and ABPM can be significantly different in individual
patients [18, 19]. Until now, no systematic review or meta-
analysis has compared the diagnostic accuracy, including sen-
sitivity and specificity, of AOBP and MOBP.

Although this review originally aimed to assess the mean
difference in BP values obtained by AOBP and MOBP mea-
surements (when daytime ABPMs are used as reference),
these analyses were published soon after the review was reg-
istered [15, 16]. Using the pre-specified scope of searching
and besides conducting the per-specified analyses, this study

further explored and compared diagnostic performance of
AOBP and MOBP, using ABPM as the reference standard.
This included meta-analysing data and describing (i) sensitiv-
ity and specificity of AOBP andMOBP to detect elevated BP,
(ii) limit of agreement (LOA) between AOBP/MOBP and
ABPM, and (iii) the proportion of participants who were
wrongly categorised depending on AOBP/MOBP (including
white-coat and masked HT). Accordingly, we hypothesised
that AOBP would (i) have a higher sensitivity and specificity
for diagnosing elevated BP, (ii) have a narrower LOA, and
(iii) have less white-coat or masked effect than MOBP.

Methods

Study Eligibility

All prospective and retrospective observational studies in
which the same group of participants, who were at least
18 years of age (with or without HT), undergoing all AOBP,
traditional BP measurement and ABPM, were included.
Inclusion criteria for studies were reported raw BP or mean
BP readings and only those published in English and Chinese.
Studies that included pregnant patients and those with auto-
nomic neuropathy or atrial fibrillation were excluded because
the hemodynamic status of these patients would be unstable
and any differences in BP between various BP measurement
methods might be due to underlying conditions. Animal stud-
ies, commentaries, and reviews were also excluded. This
study was registered in PROSPERO (CRD42019118790) on
4 January 2019 (available from http://www.crd.york.ac.uk/
PROSPERO/display_record.php?ID=CRD42019118790).

Because abstracts presented at major HT conferences were
published in international peer-reviewed journals, the search
strategies employed were able to pick up any study that had
not been published (e.g. Journal of Hypertension for Annual
European Society Hypertension Conference). When only ab-
stracts were available, the authors were contacted as possible
for any published report/article.

Search Strategy

As previous meta-analyses only included studies published in
the English language, we deliberately included Chinese data-
bases in the literature search. The databases Ovid Medline,
Embase, Scopus, and China Academic Journals Full-text
Database were searched for articles published since 2001,
when the first AOBP machine was validated until 28
February 2020. Keywords such as ‘ambulatory blood pres-
sure’, ‘automated office blood pressure’, ‘automated
oscillometric blood pressure’, ‘BpTRU’, ‘WatchBP Office’,
and/or ‘HEM-907’ were used as the search terms. The search
was limited to studies involving adults only, and the
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publication language was restricted to English and Chinese.
The detailed search strategies used for these different data-
bases are shown in Online Resource 1.

Study Screening and Data Extraction

Studies from the search were all inputted into the Covidence
program (Covidence systematic review software, Veritas
Health Innovation, Melbourne, Australia; available at www.
covidence.org). Two out of the three investigators (EKP, KC,
EL) independently assessed the eligibility of studies by
screening the titles/abstracts and subsequently the full texts
in the Covidence program. Any differences were successfully
resolved by consensus. Authors were enquired and e-mailed
about the possibility of duplicated data when this was
suspected.

Data were extracted by EKP and double-checked by
a t l e a s t one more inves t i ga to r (BY or KC) .
Discrepancies were compared and resolved. Despite the
best efforts to contact authors in order to obtain full
texts when only the abstract was available, we received
no responses. Thus, available data were extracted from
abstracts directly whenever possible.

The following data were extracted from the included stud-
ies: sample size; year of publication of the study; country
where the study was conducted; participants’ demographic
details; method, details, and BP values with respect to
AOBP/ABPM/MOBP measurements; lower and upper LOA
using Bland-Altman method; sensitivity/specificity of AOBP
and MOBP to detect elevated BP; and proportion of patients
diagnosed with masked or white-coat HT on AOBP orMOBP
measurement.

Quality Assessment

The quality assessment was based on QUADAS-2, which was
developed for systematic reviews of diagnostic accuracy stud-
ies and could be modified to fit in individual systematic re-
views, as recommended by the authors [20]. This was expand-
ed to enhance the assessment of quality for our reference
(daytime ABPM) and index tests (office BP and AOBP).
The detailed criteria are presented in Online Resource 2. The
study was at low risk of bias only when the following ques-
tions were not concerned, while all other studies were
categorised under ‘unknown risk/high risk of bias’. The qual-
ity assessments were conducted by EKP and were double-
checked by EL.

Analysis

All meta-analysis was conducted using Stata (StataCorp.
2017. Stata Statistical Software: Release 15. College
Station, TX: StataCorp LLC), unless otherwise stated.

The outcome measures that were originally planned and
registered in PROSPERO were the weighted mean difference
in SBP and DBP between AOBP measurement and ABPM
and between MOBP measurement and ABPM. The weighted
mean differences in individual studies were pooled using a
random effects model. The random effects model was used
because significant clinical heterogeneity was predicted due to
difference in ABPM machines, measurement algorithms, and
populations in different studies. Heterogeneity across studies
was assessed using I2 statistics, whereas publication bias was
evaluated by visual examination of the funnel plot and
Egger’s test. p values were 2-tailed and a p value < 0.05 was
considered statistically significant. Subgroup analysis was
pre-specified for AOBP (i) study quality, (ii) ethnicity, and
(iii) different AOBP models. For MOBP, subgroup analysis
included (i) persons who were responsible for BP measure-
ment, (ii) ethnicity, and (iii) manual measurements versus
semi-automatic BP machines. An SBP of at least 130 mmHg
onAOBPmeasurement and whether the AOBPwas unattend-
ed were found to be important as per the latest systematic
reviews [15, 21], which were also conducted post hoc.
Because one of the included studies enrolled patients receiv-
ing peritoneal dialysis (n = 17) [22], a sensitivity analysis that
excluded this study was conducted, whenever appropriate.

Other analyses included meta-analysis of sensitivity and
specificity, for which themetandi command in Stata was used,
as well as proportions (including proportions of participants
with white-coat HT and participants with masked HT), which
were analysed using the metaprop command in Stata. Other
secondary analyses included meta-analysis of Bland-Altman
statistics, the method of which has been published and was
analysed by R (R Foundation for Statistical Computing,
Vienna, Austria) [23].

A BP of 135/85 mmHg was used as the cut-off for ABPM
and AOBP, whereas a BP of 140/90 mmHg was used as the
cut-off for MOBP because these were the most widely
adopted values [24]. White-coat HT was defined as normal
BP detected on ABPM but elevated BP on AOBP/MOBP
measurement. Masked HT was defined as elevated BP on
ABPM but normal BP on AOBP/MOBP measurement. If
the same study had involved different persons to obtain the
MOBP, readings obtained by doctors were used.

Results

Search Results and Characteristics of the Included
Studies

The PRISMA chart is shown in Fig. 1. Altogether, 26 studies
involving 5407 participants were included. Details of the in-
cluded studies can be found in Online Resource 3. Only 2
studies (8%) reported randomising the sequence to conduct
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MOBP and AOBP measurements as well as ABPM; many (at
least 12 [46%] studies) had performed MOBP measurement
first. Similarly, only 3 studies (12%) reported recruiting pa-
tients from primary care populations [25–27]. Most studies
were conducted in Western countries, with only three studies
conducted in Korea, Iran, and India [28–30]. Nine studies
(35%) had fewer than 100 participants. The mean age of par-
ticipants ranged from 43 to 67.7 years, with their BMI ranging
from 26.7 to 30.7 kg/m2.

Most studies used BpTRU for AOBP measurement, four
studies (15%) used WatchBP, and one study (4%) used
Omron HEM-907; similarly, the most commonly used
ABPM devices were SpaceLabs devices (SpaceLabs
Healthcare; Snoqualmie, USA) (n = 12; 46%). AOBPmeasure-
ments were unattended whenever this was specified (n = 21,
81%). Studies were otherwise heterogeneous in the frequency
of daytime ABPM, the definition of daytime on ABPM, the
number of BP measurements used for ABPM/AOBP/MOBP,
MOBP devices, and the person who was responsible for
MOBP/AOBP measurements. Most studies did not state the
arm used for BPmeasurement or if the same arm had been used
for all three AOBP/MOBP measurements and ABPM; one
study used arm with high BP value for AOBP and used both
arms for MOBP [29] (Online Resource 3).

Quality Assessment of the Studies

The quality of AOBP, ABPM, and MOBP in the included
studies was individually assessed (Online Resource 4). A
summary of quality assessment is presented in Fig. 2.

Almost all studies had not sufficiently described the details
of ABPM, which was the reference standard of the current
review, and only two studies (7%) had described the criteria
for defining valid ABPM results [31, 32]. After extracting the
criteria ‘if ABPM was conducted on the non-dominant arm’
(Online Resource 4), it became evident that this was not a
valid criterion because researchers might have conducted
AOBP and MOBP measurements on the arm with higher
BP, which is the recommended BP measurement method for
AOBP and MOBP, and would therefore use the same arm for
ABPM. Thus, despite this pre-specified criterion, it was not
used to evaluate the overall results. However, this did not
change the overall results.

Furthermore, 11 studies (37%) had not clearly stated the
period between BP measurements [27, 30, 32–40]. Two stud-
ies (7%) usedMOBP readings retrieved from doctors’ records
and BP readings from AOBP/ABPM/MOBP could be weeks
to months apart [26, 41].

Mean Difference in BP between MOBP and AOBP
Using ABPM as the Reference Standard

Although this was reported by recent meta-analyses, this
is the pre-specified outcome in the PROSPERO. Due to
the lack of high-quality study according to preset
criteria, subgroup analysis based on study quality was
not performed; instead, we performed subgroup analysis
for the presence of sequence randomisation of different
BP measurements. The detailed results are included in
Online Resource 5.

BP: blood pressure; AOBP: automated office blood pressure measurements; ABPM: ambulatory 
blood pressure measurements; OBP: traditional office blood pressure measurement

1157 studies imported into 
Covidence

905 studied screened (title and 
abstract)

60 studies screened for full text

26 studies included in the review

252 duplicates removed

845 studies were irrelevant

34 studies excluded
- 13 no report mean BP of 

AOBP/ABPM/OBP
- 8 no use of MOBP
- 6 duplication
- 4 wrong study design
- 2 no use of AOBP
- 1 included paediatric 

population

Fig. 1 PRISMA chart. BP: blood
pressure; AOBP: automated
office blood pressure
measurements; ABPM:
ambulatory blood pressure
measurements; OBP: traditional
office blood pressure
measurement
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The weighted mean BP of AOBP was not statistically dif-
ferent from that of ABPM for SBP (difference: − 1.32 mmHg;
95% confidence interval [CI]: − 3.56, 0.91; I2 = 93.4%) and
for DBP (difference: − 0.53 mmHg; 95% CI: − 1.59, 0.53;
I2 = 84.4%). The weighted mean BP of MOBP was higher
than that of ABPM for SBP (difference: 11.20 mmHg; 95%
CI: 7.66, 14.73; I2 = 97.6%) and for DBP (difference:
4.54 mmHg; 95% CI: 2.81, 6.27; I2 = 94.7%).

Subgroup analysis of AOBP results indicated that
WatchBP had higher weighted mean SBP than ABPM
(difference: 5.34 mmHg; 95% CI: 2.1, 8.59; I2 = 78.2%)
and BpTRU had lower weighted mean SBP than ABPM
(difference: − 3.11 mmHg; 95% CI: − 5.15, − 1.06; I2 =
90%). Participants with SBP < 130 mmHg on AOBP
measurement had lower weighted mean SBP (difference:
− 6.85 mmHg; 95% CI: − 9.4, − 4.3; I2 = 80.2%) and
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high risk; unknown risk; low risk

Fig. 2 Quality assessment of
included studies. ●high risk;
●unknown risk; ● low risk
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DBP (difference: − 2.61 mmHg; 95% CI: − 4.24, − 0.99;
I2 = 73.3%) on AOBP measurement than on ABPM. The
weighted mean SBP/DBP was similar between studies
that used unattended AOBP and studies that did not
specify whether the AOBP was attended.

Subgroup analysis of MOBP results revealed that Eastern
participants had significantly more white-coat effect than
Western participants and that the SBP obtained by MOBP
measurement was higher than that obtained by ABPM
(difference: 20.26 mmHg; 95% CI: 17.4, 23.11; I2 =
36.9%). In studies that randomised the BP measurement
sequence, MOBP measurement provided mean BP
values similar to those obtained by ABPM for both
SBP (difference: − 2.45 mmHg; 95% CI: − 8.91, 4.01;
I2 = 80.7%) and DBP (difference: − 3.02 mmHg; 95%
CI: − 6.85, 0.8; I2 = 68.4%). The sensitivity analysis that
excluded the study recruiting patients on peritoneal di-
alysis found similar results (Online Resource 5).

Sensitivity and Specificity of AOBP/MOBP to Diagnose
Elevated BP Using ABPM as the Reference Standard

All relevant studies used BpTRU as the AOBP, and the
AOBP was unattended. While all studies used 135/
85 mmHg as the cut-off for elevated BP on ABPM
and AOBP measurement, two studies (Armanyous2019
and Michaud2019) used elevated SBP and/or DBP to
define elevated BP [27, 40]. On the contrary, three oth-
e r s tud ies (Armst rong2015, Becke t t2005 , and
Godwin2011) provided specificity and sensitivity for de-
tecting elevated SBP and elevated DBP separately. We
combined the data in two models: the first model used
SBP from the three studies and the second one used
DBP from the three studies. Specificity and sensitivity
from individual studies and the related meta-analysis are
shown in Fig. 3.

In the first model, the sensitivity and specificity of
AOBP to detect elevated BP were 0.68 (95% CI: 0.58–
0.77) and 0.73 (0.59–0.84); in the second model, the
sensitivity and specificity of AOBP were 0.71 (95%
CI: 0.59–0.80) and 0.76 (95% CI: 0.63–0.86), respec-
tively. Significant heterogeneity was observed in both
models (Fig. 3).

As the pooling of specificity and sensitivity required
at least 4 studies, the meta-analysis of specificity and
sensitivity for MOBP was not possible because there
were only 3 studies. The results of these 3 studies are
presented in Online Resource 6. The results were het-
erogeneous: the sensitivity and specificity of MOBP to
detect elevated SBP ranged from 6 to 86% and from 24
to 92%, respectively; the sensitivity and specificity of
MOBP to detect elevated DBP ranged from 34 to 75%
and from 84 to 92%, respectively.

Proportion of White-Coat and Masked HT by AOBP
and MOBP Measurements

All relevant studies used BpTRU as the AOBP, and the AOBP
was unattended. The proportion of participants with white-
coat HT was 7% (95% CI: 3–12%; I2 = 90.4%) and 14%
(95%CI: 5–23%; I2 = 95.92%) for AOBP andMOBP, respec-
tively (Fig. 4). The proportion of participants with masked HT
was 13% (95% CI: 6–20%; I2 = 91.98%) and 8% (95%CI: 6–
10%; heterogeneity statistics were not reported because there
were only 2 studies) for AOBP and MOBP, respectively
(Fig. 4).

Limit of Agreement by Meta-analysing Bland-Altman
Statistics

The LOA for SBP and DBP between AOBP and ABPM was
− 2.48 mmHg (95% LOA: − 30.52, 25.56) and − 1.42 mmHg
(95% LOA: − 17.37, 14.53); the LOA for SBP and DBP be-
tween MOBP and ABPM was 10.4 mmHg (95% LOA: −
16.29, 37.09) and 4.19 mmHg (95% LOA: − 14.98, 23.35)
(Online Resource 7).

Publication Bias

Publication bias was assessed using the data regarding mean
SBP of AOBP/ABPM/MOBP by visual inspection of the fun-
nel plot (Fig. 5) and Egger’s test, which found no significant
small study effect (p = 0.133–0.306).

Discussion

Main Findings and Comparison with Previous
Literature

This study has shown that AOBP could provide closer mean
BP estimates to ABPM than the current reference standard of
MOBP. The mean SBP and DBP obtained by AOBP mea-
surement were not significantly different from those obtained
by ABPM; nonetheless, the mean SBP and DBP obtained by
MOBP measurement was on average 11.2 mmHg and
4.5 mmHg higher than ABPM, respectively (Online
Resource 5). This occurred when the data were analysed in a
group of patients.

In individual patients, the width of LOA was similar be-
tween AOBP andMOBP for SBP (56.08 versus 53.38mmHg,
respectively) and was slightly narrower with AOBP than with
MOBP for DBP (31.9 versus 38.33 mmHg), although the
mean of the LOA was closer to 0 for AOBP than for
MOBP, signifying an overall decrease in observed rate of
white-coat effect with AOBP. Accordingly, our meta-
analysis of the proportion showed that approximately 7%
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and 14% had white-coat HT on AOBP and MOBP measure-
ments, respectively.

However, it was uncertain from the current data if more
individuals will suffer from masked HT on AOBP measure-
ment than on MOBP measurement. With respect to AOBP,
the proportion of participants with masked HT was 13% on

average (in contrast to 8% for MOBP, although this only
included 2 studies) and AOBP underestimated SBP at lower
BP range (when AOBP was < 130 mmHg) in the current me-
ta-analysis. Reassuringly, Verberk et al. published a meta-
analysis suggesting that the prevalence of masked HT on
MOBP measurement was 16.8% (95% CI: 13.0–20.5%)

AOBP: automated office blood pressure measurement; DBP: diastolic blood pressure; HT: hypertension; SBP: systolic blood pressure

Study N

a  Sensi�vity and specificity of AOBP to diagnose elevated HT, using SBP 

b  Sensi�vity and specificity of AOBP to diagnose elevated HT, using DBP 

Definition sensitivity specificity
Armanyous2019 578 SBP/DBP 0.48 0.91
Armstrong2015 422 SBP 0.73 0.71
Beckett2005 470 SBP 0.68 0.67
Godwin2011 654 SBP 0.69 0.69
Michaud2019 50 SBP/DBP 0.87 0.56
*all 5 studies used unattended AOBP and BpTRU and were 
conducted in western population
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HSROC curve
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AOBP: automated office blood pressure measurement; DBP: diastolic blood pressure; HT: hypertension; SBP: systolic blood pressure

Study N Definition sensitivity specificity
Armanyous2019 578 SBP/DBP 0.48 0.91
Armstrong2015 422 DBP 0.75 0.75
Beckett2005 470 DBP 0.77 0.64
Godwin2011 654 DBP 0.65 0.8
Michaud2019 50 SBP/DBP 0.87 0.56
*all 5 studies used unattended AOBP and BpTRU and were 
conducted in western population
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Specificity

Study estimate Summary point

HSROC curve
95% confidence

region

Fig. 3 a Sensitivity and specificity of AOBP to diagnose elevated HT,
using SBP (BP ≥ 135 mmHg), b sensitivity and specificity of AOBP to
diagnose elevated HT, using DBP (BP ≥ 85 mmHg). AOBP: automated

office blood pressure measurement; DBP: diastolic blood pressure; HT:
hypertension; SBP: systolic blood pressure
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[42]. As the LOA was shifted closer to 0 for AOBP and the
width of LOA was similar between AOBP and MOBP, it is
possible that there may be an increase in the diagnosis of
masked HT when AOBP is used instead of MOBP. This
should be further explored in future studies.

The current study also found that AOBP had a sensitivity
of about 68–71% and specificity of 73–76% to detect elevated
BP. This suggests that although AOBP and ABPM provide
the samemean BP values in a group of patients, AOBP cannot
replace ABPM and AOBP provides different results in indi-
vidual patients. The direct comparison between AOBP and
MOBP was difficult in this review because results from
MOBP were more heterogeneous and did not allow for defi-
nite conclusions to bemade. Thismay be because the 3 studies
that presented MOBP sensitivity and specificity data were
conducted differently—one study retrieved MOBP record
from GP record [26], while another study was conducted in
17 patients receiving peritoneal dialysis [22]. A published
meta-analysis suggested that the sensitivity and specificity of
MOBP to detect elevated BP at the cut-off of 140/90 mmHg

was 74.6% (95%CI: 60.7 to 84.8%) and 74.6% (95%CI: 47.9
to 90.4%), respectively, which were similar to our analysis of
AOBP [43].

Comparison with Previous Meta-analyses

The two previously related meta-analyses predominantly
compared the mean weighted SBP/DBP obtained by
AOBP/MOBP measurements and ABPM (Pappaccogli
et al. also included home BP monitoring). These two
meta-analyses determined that the mean BP values ob-
tained by AOBP measurement were not statistically dif-
ferent from those obtained by ABPM and that the mean
BP values obtained by MOBP measurement were signif-
icantly higher than those obtained by ABPM [15, 16].
The current meta-analysis found very similar results.
However, to the best of our knowledge, the current
study is the first to investigate and compare the speci-
ficity and sensitivity, LOA, and proportion of white-coat
and masked HT on AOBP and MOBP measurements.

a  proportion of participants with white-coat hypertension on AOBP

*all studies used unattended AOBP and used BpTRU

b  proportion of participants with white-coat hypertension on MOBP
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c  proportion of participants with masked hypertension on AOBP
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d  proportion of participants with masked hypertension on MOBP
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Fig. 4 a Proportion of participants with white-coat hypertension on
AOBP. b Proportion of participants with white-coat hypertension on
MOBP; c proportion of participants with masked hypertension on

AOBP; d proportion of participants with masked hypertension on
MOBP. All studies used unattended AOBP and used BpTRU
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Previous meta-analyses included any studies between
AOBP and either ABPM or MOBP [15, 16]. The current
study required the same patient to undergo AOBP, MOBP,
and ABPM such that results from AOBP andMOBP could be
compared among the same group of participants and thus
potentially reduce heterogeneity.

Implications

While many researchers use MOBP as endpoint measure-
ments, AOBP measurement is likely the more appropriate
method, as was performed in the SPRINT trial [44], because
AOBP measurement can provide a mean BP reading for a
group of participants that is more similar to that obtained by
ABPM. Although AOBP may reduce the rate of the observed
white-coat HT and is potentially cost-saving, direct cost-
effective analysis research is required.

In individual patients, the two office measurement methods
appear to have otherwise comparable sensitivity and specific-
ity. It is uncertain if AOBP may increase the diagnosis of

masked HT, and AOBP underestimate SBP at lower BP range
(when AOBP was < 130 mmHg) in the current meta-analysis.
As most of the studies included used unattended AOBP (and
no studies included in the current meta-analysis reported using
attended AOBP), this might prevent wide implementation in
general practice due to limitation of space and clinic arrange-
ments. Recent reviews were heterogeneous in their conclu-
sions but attended AOBP may provide higher BP values than
unattended AOBP [21, 45, 46].

Strength and Limitation of This Review and Current
Evidence

Out of the three available systematic reviews, the current re-
view was the only one that was pre-registered, and also the
only one that assessed quality considering the way
AOBP/MOBP/ABPM were performed. The inclusion criteria
of the current review were strictest and required the same
participants to undergo all AOBP, MOBP, and ABPM. The
Chinese database was deliberately searched, although no

a  Forest plot of SBP between AOBP and ABPM

b  Forest plot of DBP between AOBP and ABPM
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Fig. 5 a Forest plot of SBP between AOBP and ABPM; b forest plot of
DBP between AOBP and ABPM; c forest plot of SBP between MOBP
and ABPM; d forest plot of DBP between MOBP and ABPM. ABPM:

ambulatory blood pressure measurement; AOBP: automated office blood
pressure measurement; DBP: diastolic blood pressure; SBP: systolic
blood pressure
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additional studies were found. In addition, this is the only
review that compares AOBP and MOBP further than the
weighted mean BP.

However, the investigators could only read English and
Chinese; only studies published in English and Chinese were
included. However, since most studies published in other lan-
guage would have an abstract in English, our search should
have included them.

However, a few limitations should be discussed. Similar to
the other 2 reviews, the results were heterogeneous due to
significant clinical heterogeneity—studies used different
models of ABPM/MOBP/AOBP and were conducted in dif-
ferent populations. Different studies were diverse in the per-
son to measure BP, the number of BP readings obtained, the
arm chosen for BP measurement, the interval between BP
measurements, and settings where BP was obtained. In partic-
ular, MOBP was obtained diversely by different studies (in-
cluding obtaining from previous records and manual BP by
different healthcare professionals) and many studies did not
provide details of MOBP measurements. This high statistical
heterogeneity was investigated post hoc by meta-regression
with different pre-defined subgroups (Online Resources 5)
and demographic data (mean age of participants, percentage
of participants with hypertension/on anti-hypertensive
medications/mean BMI) (data not shown; all associations
were not statistically significant except that the mean differ-
ence between MOBP/ABPM SBP was associated with per-
centage of patients receiving anti-hypertensive medications
[beta-coefficient: − 0.177, p = 0.03]). If there were more than
one significant association found (p < 0.05), a meta-regression
including all predictors was conducted. However, high resid-
ual heterogeneity was not resolved or explained by the meta-
regression models (Online Resources 5 and 8). The high het-
erogeneity weakened our ability to draw definite conclusion
and resulted in imprecise effect size estimates.

The current available evidence represented mostly an un-
fair comparison between AOBP and MOBP because the se-
quences of BP measurements were not randomised (only
randomised in 2 included studies) and at least 46% of the
included studies measured MOBP first—it was known that
evenwith the sameBPmeasurement method, BP can decrease
by more than 10 mmHg on repeated measurements [47]. In
our analysis, there were no significant BP differences between
MOBP and ABPM when the BP measurement sequences
were randomised (Online Resource 5); although the presence
of randomisation did not affect results between AOBP and
ABPM—possibly because AOBP was done after MOBP
and/or ABPM. Therefore, it is currently unclear if inferior
diagnostic performance of MOBP is due to lack of adequate
BP sequence randomisation, which can produce differential
white-coat effect toMOBP results. Furthermore, it was known
that several measurements of MOBPwere needed to diagnose
elevated BP [48]—but at least three studies only used a single

MOBP measurement . These fac tors would have
overestimated the difference between MOBP and ABPM
and weakened our conclusion.

Most primary studies used BpTRU. However, BpTRUwas
no longer produced, and our results suggest that BpTRU and
non-BpTRU AOBP may give different BP readings; and
BpTRU and other AOBPmachines use different measurement
algorithm. Similarly, there was a lack of studies in different
populations, such as in the Chinese population. Indeed, the
behaviour of BP may be different among different ethnicities
[49, 50]. Thus, more high-quality studies using WatchBP and
HEM-907 with randomised BP measurement sequence and in
different ethnicities are needed. Furthermore, there was a lack
of studies that directly compared between the three available
AOBP with or without comparing to ABPM [51, 52]. Such
studies could clarify whether different AOBP gives different
results.

Perspectives

Comparison of mean BP in a group of participants demon-
strated that AOBP provided similar BP readings to ABPM—
the reference BP measurement method—and MOBP overes-
timates BP. Available evidence also suggested that AOBP
could reduce the rate of the observed white-coat HT, and
may be beneficial in clinical practices. The current recommen-
dation, however, is limited by the absence of high-quality
studies and the high heterogeneity of our results. More high-
quality studies using different AOBP machines and in differ-
ent population are therefore needed.
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