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Abstract

Introduction The use of unattended automated office blood pressure (uAutoOBP) versus attended automated (aAutoOBP)
and manual auscultatory office blood pressure (AuscOBP) measurements is a topic of current controversy.

Aim To evaluate the differences between OBP measurements methods in the general practice (GP) setting.

Methods We first compared aAutoOBP and uAutoOBP in 42 consecutive patients with hypertension (group 1). Secondly,
we compared AuscOBP to uAutoOBP measurements in 133 consecutive patients with hypertension (group 2). In addition,
we analyzed the achieved OBP targets as recommended in the 2018 European Society of Cardiology (ESC) and the European
Society of Hypertension (ESH) guidelines in group 2.

Results The mean age of patients in group 1 was 71 years (range 34-89 years, 54.8% females). The aAutoOBP and uAu-
toOBP systolic (131.7 and 131.6 mmHg) and diastolic (83.4 and 82.4 mmHg) mean values were not significantly different.
The patient characteristics in group 2 were similar to group 1. We observed a significant difference between AuscOBP and
uAutoOBP measurement for both systolic (149.4 versus 129.5 mm Hg) and diastolic (85.4 versus 81.6 mm Hg, p <0.0001,
respectively). Accordingly, 20.3% and 45.9% of patients reached the overall 2018 ESC/ESH systolic and diastolic OBP
targets of < 140/80 mmHg according to AuscOBP and uAutoOBP (p <0.0001).

Conclusion The attended versus unattended status of automated OBP measurements had no impact on OBP values in GP.
However, significantly higher OBP values and lower rates of achieved target OBP were observed by using AuscOBP meas-
urements by physicians in comparison to automated OBP recordings.

Keywords Automated office blood pressure - Mobil-O-Graph - Office blood pressure measurement - Target office blood
pressure - White-coat effect
1 Introduction

Hypertension is a global public health issue that affects
more than 1 billion individuals [1] and a strong risk fac-
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about the differences in OBP values as obtained not only
by the different techniques but by also as to how the pres-
ence or absence of an attending person, e.g., physician or
nurse, might affect the OBP values [4-14]. The fact that
OBP measurements by a doctor or nurse might contribute
to a pressure response resulting in higher OBP values due
to an alerting reaction [15—-17] is a well know phenomenon
referred to as the “white-coat effect” [2, 18]. Consequently,
the difference between the higher OBP and lower out-of-
OBP values have been at least in part [19] attributed to this
effect and thus to the attending vs. unattended status of OBP
measurements [2].

The discussion on the differences between aAutoOBP
and uAutoOBP measurements has recently been intensified
after the report of the Systolic Blood Pressure Intervention
Trial (SPRINT), that was conducted in 102 clinical sites in
the United States and in which the OBP was measured by
an unattended automated measurement technique [4, 20].
However, the method used for OBP monitoring in the study
and its applicability in a real-world clinical setting in daily
routine management has subsequently been a matter of con-
troversy [2, 5, 21].

Two important studies by Filipovsky et al. [22, 23].
comparing the uAutoOBP with AuscOBP measurement
technique in a specialized hypertension healthcare center
[22] and the other taking place in four academic hyperten-
sion centers [23], reported a significant difference between
both measurements. In another critical study, however,
Bauer et al. [21] used the same measurement protocol as in
SPRINT [4] but in a GP office setting. Unlike, the studies
by Filipovsky et al. [22, 23], this study showed no signifi-
cant differences between uAutoOBP readings and AuscOBP
measurements.

The primary objective of the current study was to evalu-
ate differences between aAutoOBP and uAutoOBP meas-
urements and to compare uAutoOBP measurements with
AuscOBP differences in hypertensive patients in the GP
setting. In addition, we analyzed the potential implications
for hypertension management based on the 2018 ESC/ESH
Guidelines recommendations for target OBP in the manage-
ment of arterial hypertension [2].

2 Methods
2.1 Study design

We conducted a single-center study in a large GP office in
Germany (Audorfer Gemeinschaftspraxis, Oberaudorf, Ger-
many). The Audorfer GP office treats approximately 10,000
patients per year, offering wide range of preventive, diag-
nostic and therapeutic services, with a particular focus on
chronic diseases, such as cardiovascular diseases, diabetes
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and obesity. Four GPs working in this office participated in
the study. All consecutive patients with hypertension during
the study period between April/2018 and October/2018 were
initially invited to participate during their routine clinical
examination, by one of the four GPs.

Informed consent was obtained from each participant,
after receiving a complete explanation about the nature of
the present study. Only patients who gave their informed
consent were included. Their personal information was
protected following the regulations of personal data confi-
dentiality and data pseudonomisation for analysis in agree-
ment with the local General Data Protection Legislation
(“Datenschutz-Grundverordnung”, DSGVO). The protocol
was in accordance with the 1975 Helsinki Declaration and
approved by the Charité ethics committee. In total, 133 con-
secutive patients with a diagnosis of arterial hypertension
that attended the GP office for routine clinical examinations
were included. All patients had been visiting the GP office
for at least 1 year. Patients with hypertensive emergencies
or any other severe illness or emergencies at the time of
presentation were excluded.

2.2 OBP measurement

In agreement with a previous report [21], our study protocol
did not interfere with the routine AuscOBP measurements
used for routine patient care by the participating GPs. Thus,
the number of measurements used was at the discretion
of the physician (one in the majority of patients), and the
devices used included OSO Kll, ERKA 2517, and BOSO
Profitest sphygmomanometers.

For both aAutoOBP and uAutoOBP measurements, we
used the validated Mobil-O-Graph® NG device (I.E.M
GmbH, Stolberg, Germany) [24, 25]. During automated
OBP measurements with the Mobil-O-Graph, OBP was
measured three times in 30-s intervals. We used the mean
of these three measurements for statistical analysis. All OBP
measurement devices were calibrated within a year prior to
the study.

In group 1, which included 42 patients (age range
34-89 years, 54.8% females and 45.2% males), automated
OBP was measured with the Mobil-O- Graph using a proper
size cuff bladder that was placed on the patient’s upper arm.
The following protocol for aAutoOBP and uAutoOBP meas-
urements was used:

1. All patients were seated with the Mobil-O-Graph cuff in
place in the same patient room, on an ergonomic exami-
nation chair, with their back and arms supported, with
their feet placed flat on the floor, and without speaking
during 5 min of rest.

2. For the aAutoOBP measurements, the device program
was started after 5 min of rest by the medical assistance
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staff in the patient room by pressing the Start key of the
device in front of the patient and with the staff personal
remaining in the patient room throughout the measure-
ments.

3. For the uAutoOBP measurements, an additional separate
staff room was used in which a computer for remote
control of the Mobil-O-Graph device by Bluetooth was
available. First, the medical assistance staff selected the
patient from the patient list on the computer, went inside
the patient’s room and activated the PAIr mode on the
Mobil-O-Graph device. The patient was seated in the
patient room and the Mobil-O-Graph cuff was placed as
stated above. The entire medical assistance staff left the
room. In the staff room, the Mobil-O-Graph device and
the computer being in Bluetooth communications mode
were paired and the measurements were started after the
patient rested for 5 min in the patient room.

4. The aAutoOBP and uAutoOBP measurements were per-
formed in random order.

In the second group, including 133 patients (age range
32-93 years, 62.4% females, and 37.6% males) the par-
ticipating GPs performed their routine AuscOBP meas-
urements in the examination room. In addition, the patient
was taken to a separate room to perform the uAutoOBP
measurements with the Mobil-O-Graph using the same
procedure described above for group 1.

The differences between aAutoOBP and uAutoOBP
values were regarded as the primary endpoint of the
study; we expected a maximal difference of 10 mmHg in
SBP in the GP setting [21]. Thus, a sample size of 34 was
required with a power of 80% power to detect this differ-
ence through a paired ¢ test assuming that the standard
SD is 20 mmHg with a a-significance level of 0.05. We
increased the sample number to 42 patients (group 1).

Secondly, in an explorative analysis, we compared
uAutoOBP to AuscOBP measurements by GPs (133
patients, group 2). In addition, we analyzed the OBP con-
trol rates in group 2, as recommended in the 2018 ESC/
ESG guidelines [2]. Thus, we analyzed the percentage
of patients achieving the overall recommended target of
systolic OBP (SOBP) and diastolic OBP (DOBP) values
below 140 and 80 mmHg; and the frequency of patients
who achieved the lower target below 130 and 80 mmHg in
the group of patients younger than 65 years and without
chronic kidney disease (CKD). Finally, we determined the
frequency of patients with resistant hypertension, i.e., as
defined by OBP values of systolic > 140 mmHg and/or
diastolic > 90 mmHg in response to combination therapy
with three first-line drugs including a diuretic [2].

2.3 Statistical Analysis

All statistical analyses were performed using version 25
IBM SPSS Statistics Software, Armonk, NY: IBM Corp and
GraphPad Prism version 8 for Windows, GraphPad Soft-
ware, La Jolla California, USA. Numeric data are presented
as the arithmetic mean + SD or as a proportion (percent-
age). We compared the OBP values using paired 2-sided t
student tests in both studies. We constructed Bland—Altmann
plots to compare aAutoOBP to uAutoOBP and AuscOBP to
uAutoOBP. Bias (i.e., mean of the differences) and limits of
agreement of 95% were derived from Bland-Altmann analy-
sis. Additionally, we applied Pearson’s correlation analyses
to assess the association between variables. A stepwise mul-
tivariate regression analysis was then performed; using as
dependent variables the SOBP and DOBO differences (A).
Pearson’s Chi-squared test was used for the analysis of con-
trol rates according to the recommended target OBP in the
recent European guidelines. P values < 0.05 were regarded
as statistically significant.

3 Results

Demographic and clinical characteristics of patients in
group 1 (aAutoOBP vs. uAutoOBP, 42 patients) and group
2 (AuscOBP vs. uAutoOBP, 133 patients) are summarized
in Table 1. The mean age in group 1 and group 2 was 71
and 72 years, and 54.8% and 62.4% of the patients were
females. The most common concomitant diseases in both
groups were dyslipidemia, diabetes mellitus, stroke or tran-
sient ischemic attack, and coronary heart disease. In both
groups, more than 90% of patients were treated with antihy-
pertensive drugs, while the minority (28.6%) were treated
with only one medication. As compared to males, female
patients in group 1 were older (73 +11 vs. 64 + 14 years,
p=0.03) but demonstrated similar SOBP (130.7 +£15.3
vs. 132.8 +13.7 mmHg, p=0.64) and DOBP (80.8 +11.1
vs. 85.6 £ 10.6 mmHg, p=0.17). In group 2, male and
female patients had similar age (72 + 12 vs. 69+ 10 years,
p=0.14) and demonstrated similar SOBP (139.9+16.9 vs.
138.9+16.1 mmHg, p=0.74) and DOBP (82.4+11.4 vs.
85.4+11.4 mmHg, p=0.15).

3.1 Group 1: aAutoOBP vs. uAutoOBP

No significant differences between the two methods of
aAutoOBP vs. uAutoOBP measurements were detected for
both SOBP (131.7 +14.1 mmHg vs. 131.6+15.2 mmHg,
p=0.84) and DOBP (83.4+10.8 mm Hg vs. 82.4 mmHg,
p=0.05). The individual OBP values of the patients are
shown in Fig. 1a. The coefficient of correlation between the
two methods showed a highly significant correlation for both
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Table 1 Demographic and
clinical characteristics of the

Group 1 (n=42) Group 2 (n=133)

patients Female

Male

Age (years)

Body mass index (kg/mz)
Concomitant diseases
Diabetes mellitus
Dyslipidemia

Stroke/transient ischemic attack
Coronary heart disease
Chronic heart failure

Atrial fibrillation

Chronic kidney disease
Antihypertensive medication

Number of antihypertensive drugs

Angiotensin-converting enzyme inhibitor

Angiotensin receptor blocker
Beta-blocker

Calcium channel blocker
Aldosterone receptor antagonists
Diuretic

Other antihypertensive

Without antihypertensive therapy
Antihypertensive monotherapy
Antihypertensive dual therapy
Antihypertensive triple therapy

Antihypertensive quadruple therapy
Antihypertensive quintuple therapy

23 (54.8%) 83 (62.4%)
19 (45.2%) 50 (37.6%)
71 (34-89) 72 (32-93)
29.0+5.8 28.6+4.9
7 (16.7%) 30 (22.6%)
28 (66.7%) 86 (66.9%)
8 (19.0%) 15 (11.3%)
6 (14.3%) 20 (15.0%)
4(9.5%) 10 (7.5%)
3 (7.1%) 11 (8.3%)
3(7.1%) 7 (5.3%)

2 (04) 2 (0-5)

14 (33.3%) 45 (33.8%)
19 (45.2%) 59 (44.4%)
14 (33.3%) 54 (40.6%
18 (42.9%) 48 (36.1%)
0 2 (2.3%)
15 (35.7) 55 (41, 4%)
2 (4.8%) 4 (3.0%)
4(9.5%) 10 (7.5%)
12 (28.6%) 38 (28.6%)
13 (31.0%) 38 (28.6%)
8 (19.0%) 33 (24.8%)
5 (11.9%) 12 (9.0%)
0 2 (1.5%)

Numeric data are presented as mean and proportion (percentage) other as median and range

SOBP (r=0.93, p<0.001) and DOBP (r=0.96, p<0.0001,
Online Resource 1a). ASOBP (0.1 +5.7 mmHg) was sig-
nificantly correlated with uAutoSOBP (r=0.38, p<0.0001),
but not with age and gender. ADOBP (0.9 +3.2 mmHg)
was not significantly correlated with age, gender, aAuto-
DOBP or uAutoDOBP. A SOBP was similar in males and
females (0.2 +6.6 and 0.5+4.5 mmHg, p=0.7). ADOBP
was also similar in males and females (2.4 +2.1 mmHg and
2.7+2.2 mmHg, p=0.6). In a stepwise multivariate analysis
including age and gender in the model, ASOBP remained
independently correlated with uAutoSOBP (beta=— 0.1,
p=0.02). Bland —Altman plot illustrates the small inter-
individual differences between attended and unattended
automated SOBP and DOBP values (Fig. 2a). Limits of
agreement were — 10.8 mmHg to 11.1 mmHg for SOBP
and — 5.2 mmHg to 7.1 mmHg for DOBP.

3.2 Group 2: AuscOBP vs. uAutoOBP

Significant differences between the two methods of Aus-
cOBP vs. uAutoOBP measurements were detected for both
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SOBP (149.4 +20.1 vs. 129.5+15.8 mmHg, p <0.0001,
Fig. 1b) and DOBP (85.4 +12.1 vs. 81.6 +12.3 mmHg,
p <0.0001, Fig. 1b). The coefficient of correlation revealed
significant correlations between AuscOBP and uAutoOBP
measurements for both SOBP (r=0.69, p<0.0001)
and DOBP (r=0.73, p<0.0001; Online Resource 1b).
ASOBP (19.9 + 14.8 mmHg) was positively correlated
with AuscSOBP (r=0.63, p<0.0001), but not with age
(r=0.13, p=0.14) and gender (r=0.01, p=0.90). ADOBP
(3.9 + 8.9 mmHg) was positively correlated with Ausc-
DOBP (r=0.34, p<0.0001) and inversely correlated
with uAutoDOBP (r=- 0.39, p<0.0001), but not with
age (r=0.03, p=0.75) and gender (r=0.15, p=0.08).
ASOBP in females and males was similar (19.7 +13.3 and
19.9+15.7 mmHg, p=0.91). ADOBP was numerically but
not significantly lower in females than in males, (2.1 +8.5
and 4.9 +9.0 mmHg, p=0.08). In a stepwise multivariate
analysis including age and gender in the model, ASOBP
remained independently correlated with AuscSOBP
(beta=1.00, p<0.0001) and ADOBP remained indepen-
dently correlated with AuscDOBP (beta=0.3, p <0.0001).
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Fig.1 Individual a systolic office blood pressure (SOBP) and dias-
tolic office blood pressure (DOBP) values of attended-automated and
unattended-automated measurements in group 1 (n=42) and b SOBP

The corresponding Bland-Altman plots illustrate in Fig. 2b
the inter-individual variability between AuscOBP and
uAutoOBP for both, SOBP (a) and DOBP (b) values. The
limits of agreement were wide, i.e. between — 9.2 and
48.8 mmHg for SOBP and — 13.6 and 21.2 mmHg for
DOBP. In a further analysis, we evaluated the achieved
OBP targets as recommended in the 2018 ESC/ESH
guidelines in group 2. When AuscOBP measurements
were considered, the observed systolic and diastolic OBP
were below the overall recommended target of 140 and
80 mmHg in 27 patients (20.3%), while 5 of 38 patients
(13.2%) achieved OBP values below the lower target of
130 and 80 mmHg in the corresponding group (Fig. 3).
Resistant hypertension was observed in 13 patients (9.8%,
Fig. 3). In contrast, when the uAutoOBP measurements
were considered 61 patients (45.9%) and 11 patients
(28.9%) of patients were controlled with values below
140/80 and 130/80 mmHg, while 5 patients (3.8%) were
diagnosed with resistant hypertension (Fig. 3). Thus, con-
trol rates of hypertension were significantly lower based
on the AuscOBP measurements, while the percentage of
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patients with resistant hypertension was higher (Fig. 3,
p <0.0001, respectively).

4 Discussion and Conclusion

The recent 2018 ESC/ESH Guidelines encourage, in con-
trast to the time-honored approach to rely only on OBP for
the diagnosis on hypertension, the additional use of out-
of-office BP measurement for the management of hyper-
tension [2]. Hence, the guidelines recommend for the first
time to base the diagnosis of hypertension on repeated OBP
measurements or out-of-office BP measurement with ambu-
latory BP measurement (ABPM) and/or home BP measure-
ment (HBPM) if logistically and economically feasible [2].
Among others, one important limitation of OBP measure-
ments is based on the well-known “white-coat-effect” [1,
17]. The term white-coat hypertension, although originally
defined for untreated individuals only, is now also used to
describe discrepancies between OBP and out-of-office BP
in patients treated for hypertension [2].
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It is known that white-coat-hypertension can be present in
up to 30-40% of the patients (>50% in the very old patients)
and its prevalence is higher in women, non-smokers and with
increasing age [26, 27]. However, many studies suggest that
the diagnosis of whit-coat-hypertension can be reduced or
even eliminated with automated multiple OBP readings, and
particularly when a doctor or nurse is not involved in the BP
measurement, i.e., during uAutoOBP measurements [11-13,
26, 27]. An important study highlighting the potential to
detect lower OBP values by uAutoOBP measurements was
previously reported [22]. In this single-center study reported
by Filipovsky et al. [22] uAutoOBP measurements resulted
in significantly lower systolic (— 15.0 mmHg) and diastolic
(— 8.0 mmHg) OBP values as compared to AuscOBP meas-
urements. Our results are thus in agreement with this study
although our data with four participating physicians were
obtained in a single-center GP setting, while the previous
study was performed with three participating physicians in
a single-center hypertension specialist clinic [22]. In a sub-
sequent multicenter study involving 172 patients, the authors
reported albeit still statistically significant, a smaller dif-
ference of 8.5 mmHg and 3.0 mm Hg between systolic and
diastolic AuscOBP and uAutoOBP values [23]. However,
in the previous studies yielding a difference of 15/8 mmHg
automated measurements were conducted after five minutes
of rest, while in the more recent study the conduction of the
uAutoOBP measurements was carried out after only a short
(one minute) rest period. This highlights the importance of
the resting time preceding the measurements, even in the
setting of measuring OBP in a separate room [28]. Neverthe-
less, the recent data reported by other authors [22, 23, 29]
and our current data are at variance with the results obtained
in a recent study in Germany involving 4 GPs” offices [21].
In this study, no significant OBP differences between Aus-
cOBP and uAutoOBP measurements were found in 107
subjects. Concerning the AuscOBP measurements, the
measurements took place right before the automated OBP
measurements in our study and the study by Bauer et al.
[21]. However, in the latter study, the same person that per-
formed the conventional OBP measurement was also respon-
sible for the automated measurement and was also trained to
use the device (i.e., Omron 907 BP monitor) and protocol of
uAutoOBP measurement. Thus, this might have introduced
bias by influencing at the same time, the performance of the
physician during AuscOBP measurements. In contrast, in
our study, the participating GPs who performed the Aus-
cOBP measurements were not involved in automated OBP
measurements, which was exclusively done by the medical
staff (nurses) of the GP office. Therefore, by avoiding any
interference with the conventional OBP measurements by
GPs as much as possible, our study might better reflect the
routine measurements of OBP as being applied by GPs in
clinical routine. The potential impact on BP management

between the different methods used is highlighted by our
data on achieved OBP targets and the percentage of patients
with resistant hypertension. Hence, the rates of achieved
OBP targets were significantly higher, and the percentage
of patients with resistant hypertension significantly lower
when uAutoOBP measurements were considered. It appears
appropriate to point out at this point that we obtained in
parallel with a previous study [22] a pronounced differ-
ence between AuscOBP and automated OBP, while other
recent studies observed smaller differences [23, 29]. Nev-
ertheless, our data are compatible with a recent meta-anal-
ysis that identified a substantial pooled mean difference of
+14.5 mmHg in routine, AuscSOBP compared to automated
OBP measurements [11]. Thus, it seems well established
that AuscOBP measurements give in general higher OBP
values than automated OBP determinations [7, 11], which
can have a substantial impact on hypertension management
as shown. Furthermore, our study in the GP setting is in
agreement with a recent meta-analysis demonstrating that,
when the same measurement protocol and device are used,
aAutoOBP provides similar OBP values as uAutoOBP [7].

However, some limitations of our study should be noted.
First, although our study involved a large GP office with
four participating physicians it nevertheless represents a
single-center study with a small number of patients. Thus,
a multi-center study and the enrollment of a large number
of patients would have increased the validity of our find-
ings. Moreover, we did not schedule multiple visits for OBP
measurements as reported by Filipovsky et al. [22]. This is
a further limitation, because repeated visits allow a better
determination of the reproducibility and potential impact
of differences between OBP measurements, particularly
regarding the white-coat effect during AuscOBP. Another
limitation of the present study is the lack of standardization
of the AuscOBP measurements in group 2. The rationale
for this was based on our intention not to interfere with the
routine procedures of the participating GPs [21].Thus, the
conduction of AuscOBP measurements by the GPs should
reflect their routine clinical practice. Consequently, based
on our intention a bias was introduced into the comparison
between the non-standardized AuscOBP and the very well
standardized aAutoOBP measurements in group 2.

Hence, not only a potential white-coat affect due to the
presence of the attending GP but also the less stringent
methodology during the performance of AuscOBP might
have contributed to the higher OBP values obtained by GPs.
First, the number of AuscOBP measurements performed was
only one in the majority of cases rather than three as recom-
mended in the European guidelines [2]. Second, additional
important factors such as the recommendation to inves-
tigate the patient seated in a quiet environment for 5 min
before beginning the OBP measurements might have also
not applied. This could have also contributed to the higher
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AuscOBP values observed in group 2. This limitation of
AuscOBP measurements seems particularly relevant, since
a large proportion of the global population spends overall
only a few (less than five) minutes with their primary care
physicians during their office visits [30].

Thus, in addition to the new concept that supports a wider
use of out-of-office BP measurement in the 2018 ESC/ESH
guidelines [2], the careful use of automated measurements-
and for practical reasons possibly in the attended setting—
should be the preferred method for OBP monitoring in rou-
tine clinical practice as suggested [7, 11].
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