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Ambulatory daytime blood pressure versus tonometric blood
pressure measurements in the laboratory: effect of posture
Emmi Varri®, Lauri Suojanen®®, Jenni K. Koskela®®, Manoj K. Choudhary?,
Antti Tikkakoski®, Mika Kdhénen®®, Pasi |. Nevalainen®, Jukka Mustonen®” and

llkka Pérsti®®

Objective To compare blood pressure (BP) in
tonometric radial artery recordings during passive head-up
tilt with ambulatory recordings and evaluate possible
laboratory cutoff values for hypertension.

Methods Laboratory BP and ambulatory BP were
recorded in normotensive (n = 69), unmedicated
hypertensive (n = 190), and medicated hypertensive
(n=151) subjects.

Results Mean age was 50.2 years, BMI 27.7 kg/m?,
ambulatory daytime BP 139/87 mmHg, and 276 were male
(65%). As supine-to-upright changes in SBP ranged from
—52 to +30 mmHg, and in DBP from -21 to +32 mmHg, the
mean values of BP supine and upright measurements were
compared with ambulatory BP. The mean(supine+upright)
systolic laboratory BP was corresponding to ambulatory
level (difference +1 mmHg), while mean(supine+upright)
DBP was 4 mmHg lower (P < 0.05) than ambulatory value.
Correlograms indicated that laboratory 136/82 mmHg
corresponded to ambulatory 135/85 mmHg. When
compared with ambulatory 135/85 mmHg, the sensitivity
and specificity of laboratory 136/82 mmHg to define
hypertension were 71.5% and 77.3% for SBP, and 71.7%
and 72.8%, for DBP, respectively. The laboratory cutoff

Introduction

To diagnose hypertension in clinical practice, the gold
standard is ambulatory blood pressure (BP) monitor-
ing where the cutoff point for hypertension in daytime
recordings is 135/85 mmHg, in nighttime recordings
120/70 mmHg, and in 24-hour recordings 130/80 mmHg
[1]. As ambulatory BP monitoring requires resources and
may cause discomfort, the diagnosis of hypertension is
commonly achieved by repeated home BP measure-
ments. The cutoff point of hypertension in home meas-
urements is also 135/85 mmHg [1].

BP is characterized by high variability, and based on wrist-
worn tracker analyses of heart rate [2], a single day con-
tains about ~100 000 SBP and DBP values. The standard
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136/82 mmHg classified 311/410 subjects similarly to
ambulatory BP as normotensive or hypertensive, 68 were
hypertensive only in ambulatory, while 31 were hypertensive
only in laboratory measurements.

Conclusion BP responses to upright posture

were variable. When compared with ambulatory BP,
mean(supine+upright) laboratory cutoff 136/82 mmHg
classified 76% of subjects similarly as normotensive or
hypertensive. In the remaining 24% the discordant results
may be attributed to white-coat or masked hypertension,
or higher physical activity during out-of-office recordings.
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home recording of BP is carried out in the seated posi-
tion [1], and excludes information about posture-related
changes in BP. The cuff-based BP measurement was
recently reported to underestimate SBP by 6 mmHg and
overestimate DBP by 6 mmHg, and these effects were
progressively increased with advancing age [3,4]. The
authors suggested that more personalized methods of BP
measurements should be developed [3]. The common
phenotypes white-coat hypertension and masked hyper-
tension add complexity to the diagnosis of hypertension
and evaluation of cardiovascular risk [5,6]. Even mod-
erate changes in BP in the absence of hypertension are
associated with cardiovascular risk, and recent evidence
suggests that the risk increases gradually from SBP level
of 90 mmHg [7,8].

The study of hemodynamic changes associated with
hypertension is usually carried out in the laboratory
[9-12]. For instance, a wealth of information regarding
wave reflections and arterial stiffness has been achieved
under laboratory conditions [10,13-16]. The inclusion of
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head-up tilt in the measurements has provided informa-
tion about the influence of posture on cardiovascular reg-
ulation [10,12,17,18]. The BP response to upright posture
is variable, ranging from orthostatic hypotension to ortho-
static hypertension, whilst the divergent BP reactions to
upright posture have also an impact on patient progno-
sis [19-23]. The hemodynamic changes in response to
upright posture are also influenced by antihypertensive
medication [10], cardiovascular disease [24], age [25], and
sex [18].

As a major proportion of research focusing on the hemo-
dynamics of hypertension has been performed under
laboratory conditions, our objective was to compare the
results of tonometric laboratory BP recordings versus
ambulatory daytime BP measurements and evaluate
possible laboratory cutoff values for hypertension. This
information mainly serves research purposes but may be
helpful in the estimation of the reliability and validity
of the laboratory measurements for real-life situations.
We also compared supine and upright BP during labo-
ratory measurements with ambulatory daytime BP and
evaluated the accuracy of the laboratory measurements
to classify patients as normotensive and hypertensive.

Methods

Study population

The study included subjects participating in our study on
noninvasive hemodynamics, recruiting patients with pri-
mary and secondary hypertension and normotensive sub-
jects (clinical trial registration NCT01742702) [26,27].
Written consent was given by all participants. The study
complies with the declaration of Helsinki and has been
approved by the Tampere University Hospital ethics
committee (code RO6086M).

Table 1

We included those participants of the study who had
participated in the recording of ambulatory 24-hour BP
and laboratory measurements. We excluded subjects
with incomplete ambulatory or laboratory recordings
and subjects with chronic renal insufficiency stage 4-5
[28]. The present study consisted of 410 participants
with a mean age of 50 years and mean BMI of 28 kg/
m®. Based on ambulatory daytime recordings [1], 69
participants were normotensive and 190 were unmed-
icated hypertensive patients, and 151 were medicated
hypertensive patients (Table 1). The diagnosis and
treatment of hypertension were conducted in each
subject’s regional primary or secondary health care
unit. Altogether 42 patients had secondary hyperten-
sion: primary aldosteronism (n = 29), cortisol-induced
hypertension (n =5), renal hypertension (n =5), and
renovascular hypertension (n = 3). Medications used by
the participants are presented in Supplementary Table
1, Supplemental digital content 1, Aztp://links.lww.com/
BPMJ/A195.

Blood pressure recordings

All participants went through ambulatory, office, and lab-
oratory BP recordings, performed with a median of 7 days
apart (25th—75th percentiles 0-18 days). Ambulatory BP
recording was performed with Microlife WatchBP O3
(Microlife AG, Widnau, Switzerland) [29] or Mobil-O-
Graph (IEM GmbH, Stolberg, Germany) [30]. Daytime
BP values were recorded at 20-minute intervals and
nighttime at 30-minute intervals. The mean daytime
values were applied to the present study. Seated office
BP was measured according to the guidelines [1] using
a sphygmomanometer (Heine Gamma G7, Herrsching,
Germany).

Basic clinical characteristics, laboratory values, and mean blood pressure during ambulatory daytime recordings in normoten-

sive subjects, unmedicated hypertensive patients, and medicated hypertensive patients

Unmedicated hypertensive (n = 190) Medicated hypertensive (n=151)

Variable Normotensive (n = 69)
Male/female (n) 37/32
Age (years) 45 (15)
BMI (kg/m?) 25 (4)
Cornell voltage product (ms x mm) 1640 (1000)
Creatinine (umol/L) 76 (15)
Sodium (mmol/L) 140.9 (2.0)
Potassium (mmol/L) 3.7 (0.2)
Glucose (mmol/L) 5.4 (0.7)
Total cholesterol (mmol/L) 4.8 (1.0)
HDL cholesterol (mmol/L) 1.7 (0.5)
LDL cholesterol (mmol/L) 2.8 (0.9)
Triglycerides (mmol/L) 1.0 (0.5)
SBP (mmHg)

Ambulatory daytime 123 (7)

Laboratory mean(supine+upright) 124 (13)
Diastolic blood pressure (mmHg)

Daytime diastolic 78 (4)

Laboratory mean(supine+upright) 73 (8)°

118/72 112/39°
47 (12) 57 (12)*°
28 (5)* 29 (5)°
1800 (630) 1940 (1000)*
80 (51) 81 (18)
141.2 (1.8) 140.6 (2.7)
3.8 (0.3) 3.7 (0.4)
5.6 (0.6) 6.3 (1.5)*°
5.4 (1.0) 5.0 (1.1)°
1.5 (0.4)° 1.4 (0.4)°
3.5 (0.9) 3.2 (1.0)°
1.3(0.7) 1.4 (0.7)
144 (11)2 140 (15)*°
145 (15)° 140 (17)2P
92 (7)? 85 (8)*°
87 (9)*° 82 (10)*°

Laboratory values are calculated from the means of the last 3 min during the 5-minute supine and the last 3 min during the 5-minute head-up tilt recordings; mean (SD).

HDL, high-density lipoprotein; LDL, low-density lipoprotein.

2P < 0.05 versus normotensive.

®P < 0.05 versus unmedicated hypertensive.

°P < 0.05 versus corresponding ambulatory daytime diastolic blood pressure.
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In the laboratory, radial BP from the left wrist was
recorded using a tonometric sensor (Colin BP-508T;
Colin Medical Instruments Corp., San Antonio, Texas,
USA), calibrated approximately every 2.5 min with con-
tralateral brachial BP measurements, coupled with the
SphygmoCor PWMx monitoring system (AtCor Medical,
Sydney, Australia). Previously, the Colin tonometric
device provided accurate data throughout a wide BP
range satisfying the Association for the Advancement of
Medical Instrumentation standards for mean SBP and
DBP measurements but was found to minimally exceed
the allowable SD [31]. The subjects were to abstain from
smoking, caffeine, and heavy meals for 4 h, and from alco-
hol for 24 h prior to the recordings. The left arm with the
wrist sensor was abducted to 90degrees in arm support,
which held the measurement probe at the heart level in
supine and upright positions. Before the measurement,
an introductory head-up tilt was performed to familiarize
the study subject with the protocol [25]. Aortic BP was
derived from the radial BP signal by the SphygmoCor
software [13]. Hemodynamic data were recorded for
5 min in the supine position and 5 min during head-up
tilt. Mean BP values were calculated for the last 3 min
in the supine position, the last 3 min during head-up tilg,
and for the average of these 3-minute periods in supine+-
head-up tilt positions. During the last 3 min in each posi-
tion, the BP signal was most stable (Fig. 1).

Laboratory analyses

Blood samples were collected after ~12h of fasting.
Plasma electrolytes, creatinine, C-reactive protein, glu-
cose, and lipid determinations were carried out using
Cobas Integra 700/800 (F. Hoffmann-L.aRoche Ltd.,
Basel, Switzerland) or Cobas 6000, module ¢501 (Roche
Diagnostics, Basel, Switzerland). Standard 12-lead elec-
trocardiograms were registered and the Cornell volt-
age-duration product was calculated [32].

Statistical analyses

The laboratory results and BP values were analyzed
using analysis of variance and calculation of Pearson and
Spearman correlations, as appropriate. In some subjects,
SBP increased and in some decreased in response to the
head-up tilt. Subsequently, the subjects were divided
into tertiles according to the change in radial SBP in
response to the head-up tilt, and results were analyzed
using analysis of variance for repeated measurements.
"To test whether the laboratory measurements classified
subjects similarly to ambulatory BP, the participants
were divided into four subgroups: (1) normotensive in
ambulatory and laboratory recordings, (2) hypertensive
in ambulatory but normotensive in laboratory record-
ings, (3) normotensive in ambulatory but hyperten-
sive in laboratory recordings, and (4) hypertensive in
both recordings. The sensitivity and specificity of the
laboratory recordings to define hypertension versus
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ambulatory and office BP measurements were exam-
ined using receiver operating characteristic (ROC)
curves. The statistics were performed using SPSS ver-
sion 26.0 (IBM SPSS, Armonk, New York, USA), and
Bonferroni correction was applied in post-hoc analyses.
The results in the tables were presented as means and
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Line graphs show radial and aortic tonometric SBP (a), and DBP (b)
in the study population consisting of normotensive subjects (n=69),
unmedicated hypertensive patients (n = 151), and medicated hyperten-
sive patients (n=190) during 10-minute laboratory recordings; min-
utes 1-5 in supine position, minutes 6—10 during passive head-up tilt;
mean and 95% confidence interval of the mean.
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standard deviations of the mean, in the figures as means
and 95% confidence intervals of the mean. P < 0.05 was
considered statistically significant.

Results

Study population

In total, 143 (35%) of the subjects were women, and par-
ticipant ages ranged from 19 to 70 years (Table 1). The
medicated hypertensive patients had the highest propor-
tion of males, participant age, and Cornell voltage-dura-
tion product (Table 1). The mean BMI and triglyceride
concentration were higher, and high-density lipoprotein
cholesterol was lower, in unmedicated and medicated
hypertensive patients than in normotensive participants.
Fasting plasma glucose was highest in medicated hyper-
tensive patients, whereas total and low-density lipo-
protein cholesterol levels were highest in unmedicated
hypertensive subjects. Plasma creatinine, sodium, and
potassium were corresponding in all groups (Table 1).
Ambulatory daytime SBP and DBP were highest in
unmedicated hypertensive and lowest in normotensive
subjects (Table 1). On average, radial and aortic SBP
decreased, and DBP increased in response to head-up tilt
(Fig. 1).

Use of mean(supine+upright) blood pressure values in
comparisons with ambulatory blood pressure

When divided into tertiles according to the change in
SBP during head-up tilt, BP either increased or decreased
when upright (Fig. 2). Upright SBP decreased in tertiles
1 and 2 and increased in tertile 3; DBP decreased in ter-
tile 1 and increased in tertiles 2 and 3 (P < 0.05 for all
changes) (Fig. 2). The mean(supine+upright) BP values
were applied for the evaluation of the cutoff for hyper-
tension in the laboratory.

Individuals with different BP levels present variations
in the white-coat effect [33]. Therefore, we compared
ambulatory and laboratory BPs in the normotensive and
hypertensive groups. The mean(supine+upright) SBP
did not differ from ambulatory daytime SBP in normo-
tensive subjects or unmedicated and medicated hyper-
tensive patients, whereas the mean(supine+upright)
DBP was 3-5 mmHg lower than ambulatory DBP in all
groups (Table 1).

In the participants, office SBP and DBP were higher,
and office heart rate lower than corresponding values
during ambulatory BP recordings (Table 2). In the lab-
oratory, supine radial SBP was higher than ambulatory
daytime SBP (P < 0.05), whereas upright and mean(-
supine+upright) SBP was corresponding to ambulatory
SBP (Table 2). In all laboratory recordings, aortic SBP
and radial DBP were lower than ambulatory brachial
SBP and DBP values, respectively (P < 0.05). Supine
and mean(supine+upright) aortic DBP were lower than
ambulatory DBP, whereas upright aortic DBP did not

differ from ambulatory DBP (Table 2). Heart rate in the
office, and in supine and mean(supine+upright) analy-
ses were lower, while during the head-up tile, heart rate

was higher than in ambulatory recordings (P < 0.05)
('Table 2).
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Line graphs show radial tonometric SBP (a) and diastolic blood pres-
sure (b) of study participants divided into tertiles according to the mag-
nitude of the change in radial SBP during head-up tilt; minutes 1-5 in
supine position, minutes 6—10 during passive head-up tilt; mean and
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Evaluation of cutoff values for hypertension in the
laboratory versus ambulatory recordings

Scatter plots of ambulatory daytime BP versus mean
(supine+upright) radial tonometric BP are shown in
Fig. 3. The line graphs in the scatter plots suggested
that 1) systolic laboratory BP 136 mmHg corresponded
to ambulatory 135 mmHg, and ii) diastolic laboratory
BP 82 mmHg corresponded to ambulatory 85 mmHg
(Fig. 3). Respectively, the corresponding cutoff to
define hypertension in the aortic recordings was
123/83 mmHg.

With the above cutoffs, 311 (76%) of the participants
were classified similarly in ambulatory and laboratory
recordings: 76 (19%) subjects were normotensive and 235
(57%) were hypertensive (Table 3). Sixty-eight (17%)
patients were hypertensive only during ambulatory mon-
itoring but had normal laboratory BP. Altogether 24 of
these 68 subjects had normal BP in the office indicating
masked hypertension. Moreover, 31 (8%) subjects were
hypertensive only during tonometric radial artery record-
ings, but their ambulatory values were normal (Table 3).
Altogether 19 of these 31 subjects were hypertensive also
in the office indicating white-coat hypertension.

ROC curve analyses of the radial cutoff 136/82 mmHg
and the aortic cutoff 123/83 mmHg versus the ambula-
tory cutoff 135/85 mmHg are presented in Fig. 4. The
laboratory radial systolic cutoff 136 mmHg had a sensitiv-
ity of 71.5% and specificity of 77.3%, and the laboratory
radial diastolic cutoff 82 mmHg had a sensitivity of 71.7%
and specificity of 72.8% to define hypertension (Fig. 4a).
The laboratory aortic systolic cutoff 123 mmHg had a
sensitivity of 70.0% and specificity of 76.8%, and the lab-
oratory aortic diastolic cutoff 83 mmHg had a sensitivity
of 71.4% and specificity of 73.0% to define hypertension
(Fig. 4b). Additionally, when compared with the office
cutoff 140/90 mmHg, the laboratory radial SBP cutoff
136 mmHg had a sensitivity of 71.4% and specificity of
75.8%, and the laboratory radial DBP cutoff 82 mmHg
had a sensitivity of 71.4% and specificity of 68.4% to
define hypertension.

The correlations between laboratory and ambulatory
BPs were also analyzed separately in subjects who
had never received BP-lowering medications and in
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patients treated with antihypertensive agents. The cor-
relations of these approaches for SBP were 0.68 in the
unmedicated group and 0.69 in medicated group, and
for DBP 0.70 in the unmedicated group and 0.61 in the
medicated group. These results indicate that antihy-
pertensive medications were not a source of confound-
ing in the present study.

Discussion

A high proportion of the active human life is spent in
the upright position, while the hemodynamic responses
to upright posture are influenced e.g. by antihyperten-
sive medication [34], liquorice intake [9], cardiovascular
disease [24], age [25], and sex [18]. Here we compared
radial tonometric BP status during head-up tilt versus
ambulatory daytime BP, and evaluated the effect of body
posture on BP. As a significant proportion of research
regarding the hemodynamics of hypertension has been
performed under laboratory conditions [10,11,35,36], we
evaluated a potential cutoff point for hypertension dur-
ing tonometric laboratory recordings. We stress that the
present results should not be considered as an attempt to
find a novel approach for the diagnosis of hypertension
but as an effort to compare the tonometric method with
ambulatory daytime brachial BP for research purposes.
The study population was representative, as it consisted
of men and women, normotensive subjects, and unmed-
icated and medicated hypertensive patients. The hyper-
tensive groups had higher BMI and worse lipids than the
normotensive subjects [1], while the medicated hyper-
tensive patients were the oldest, had the highest plasma
glucose, and the highest proportion of males.

According to the correlograms of ambulatory daytime BP
versus mean(supine+upright) radial tonometric BP, the
laboratory BP 136/82 mmHg corresponded to ambulatory
daytime BP 135/85 mmHg. Previously, no reference val-
ues for hypertension have been defined for noninvasive
laboratory recordings [12,18,35]. BP is characterized by
high variability depending on measuring conditions, age,
stressor factors, and body position [1,3,5,11,12]. As the
mean resting ambulatory heart rate in >92 000 individ-
uals was 65/min [2], there are ~100 000 SBP and DBP
values within 24 h, and the definition of the cutoff for
hypertension is not straightforward.

Table 2 Mean values of ambulatory daytime blood pressure, office blood pressure, radial and aortic blood pressure, and heart rate

Ambulatory Office Laboratory measurement
Supine Head-up tilt Mean(supine+upright)
SBP (mmHg) 139 (14) 145 (18)* Radial 142 (18)* 138 (18) 140 (17)
Aortic 129 (18)* 123 (17)* 126 (16)°
DBP mmHg) 87 (9) 91 (12 Radial 81 (11)* 85 (12)° 83 (11)*
Aortic 82 (11)* 86 (17) 84 (11)2
Heart rate (1/min) 71 (10) 67 (10)* 63 (9)* 75 (11)* 69 (10)*

Laboratory values are calculated from the means of the last 3 min during the 5-min supine and the last 3 min during the 5-min head-up tilt recordings; mean (SD).

BP, blood pressure.
#P < 0.05 versus respective ambulatory BP.
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Radial SBP and pulse pressure are higher than the aortic
values due to pulse pressure amplification [37]. Recently,
four different BP phenotypes of SBP amplification were
discovered: amplification of both aortic to brachial and
brachial to radial SBP, only aortic to brachial amplifica-
tion, only brachial to radial amplification, and neither
aortic to brachial nor brachial to radial amplification [37].

The latter two phenotypes had higher aortic BP, which
could not be differentiated using standard cuff measure-
ments [37]. The central hemodynamic variables, includ-
ing aortic pulse pressure and pulse wave velocity, predict
cardiovascular risk better than brachial measurements
[15,16]. Several variables reflecting central circulation
can be derived from the peripheral tonometric signal
[9-12,18], but the tonometric BP recording is sensitive
to measurement errors, for example, due to upper arm
movements during the recordings [38].

Weiss er al. considered the accuracy of tonometric BP
values to be moderate in 22 surgical patients [38], while
Steiner ¢z a/. found that mean BP values differed in ~34%
of the readings by >10 mmHg from intra-arterial readings
among 15 neuro-intensive care patients [39]. However,
Kemmotsu ez a/. reported that tonometry provided accu-
rate and reliable monitoring of BP in 28 patients undergo-
ing orthopedic surgery [40], while Nelesen and Dimsdale
found that radial tonometric BP monitoring had low arti-
fact rating and high accuracy during stressor tests among
20 subjects when compared with noninvasive record-
ings using Dinamap and Finapres [41]. In the present
study, we calculated average BPs during 1-minute-long
and 3-minute-long recording periods from a much larger
group of 410 participants to increase the reliability of the
measurements. Of note, the pulse waveforms were cap-
tured from the radial artery, but the signal was calibrated
by oscillometric cuff-based measurements from the con-
tralateral brachial artery. Therefore, the actual compar-
ison of BP levels was between radial tonometric signal
calibrated from brachial BP versus ambulatory daytime
brachial BP.

In the present study, office BP was higher than ambu-
latory BP in each study group. Higher ambulatory
daytime than office heart rate can be explained by
out-of-office physical activity. Our laboratory record-
ings confirmed that body position has a significant
effect on the level of BP [10,12,18,42]. On average,
SBP decreased and diastolic increased during head-up
tilt [18,42]. However, as shown in Fig. 2, the response
to head-up tilt was variable, and SBP and DBP cither
increased or decreased. Therefore, we applied the
mean(supine+upright) BP in the analyses. Using this
approach, the tonometric SBP did not significantly
differ, while the tonometric DBP was lower in the
laboratory recordings versus ambulatory recordings.
Moreover, an active change of body position from
supine or seated to standing requires muscle work,
which influences hemodynamics. In a recent report,
systolic aortic BP did not change, while an increase
was observed in aortic DBP when examined in supine,
seated, and standing postures in 426 normotensive
21-year-old subjects [43]. Passive head-up tilt under
laboratory circumstances minimizes the influences of
external stressor factors on hemodynamics.



We recently examined hemodynamic differences under-
lying the various BP responses to head-up tilt in 613
participants without the cardiovascular discase [44]. One-
third of the participants presented with higher upright
than supine SBP which was explained by differences in
the regulation of systemic vascular resistance and cardiac
output [44]. When we compared hemodynamic responses
to head-up tilt in hypertensive versus normotensive sub-
jects, the principal differences were higher systemic
vascular resistance and increased large artery stiffness in
hypertensive patients [12]. However, there were several
subtle differences between the groups in response to the
head-up tilt: aortic SBP, pulse pressure, and left cardiac
work index decreased less; heart rate increased less; and
aortic DBP increased more in hypertensive patients.
Thus, functional alterations beyond increased vascular
resistance and arterial stiffness are present in essential
hypertension [12].

An important and reliable method in the diagnosis of
hypertension is ambulatory BP monitoring [1]. Also,
repeated home measurements are considered more relia-
ble than office BP measurements [1]. The common phe-
notypes of high BP, white-coat, and masked hypertension
[1], exemplify that a single approach can give false
information about BP. As shown in Table 3, about 76%
of the present study subjects were classified similarly as
normotensive or hypertensive in the tonometric versus
ambulatory recordings. However, 68 participants were
hypertensive only during ambulatory daytime monitor-
ing and 31 only during laboratory recordings. Elevated
BP exclusively in the ambulatory monitoring may be
attributed to masked hypertension or higher physical
activity during the recording, and the office measure-
ments suggest that 24 of the 68 participants (35%) had
masked hypertension. Elevated BP exclusively in the
laboratory may be explained by white-coat hypertension
and based on office measurements 19 of the 31 (61%) had
white-coat hypertension.

Of note, subjects classified as hypertensive in ambula-
tory recordings only were clearly normotensive in the
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laboratory and their aortic BP did not differ from the
group that was normotensive in both ambulatory and
tonometric recordings. Furthermore, subjects classified
as hypertensive in the laboratory only had higher aortic
BP than subjects who were normotensive in both ambu-
latory and tonometric recordings, and their diastolic aortic
BP did not differ from the group that was hypertensive
in both tonometric and ambulatory recordings (‘Table 3).

The ROC curves showed that the laboratory and ambu-
latory BP values were not entirely corresponding (Fig. 4).
Moreover, the 136/82 mmHg laboratory BP cutoff did not
quite correspond to the office BP cutoff of 140/90 mmHg,
either. The deviations between various approaches to
measuring BP can be attributed to the distinct BP reac-
tions of individuals to variations in the measuring con-
ditions and methods. Altogether, the sensitivity and
specificity of all present approaches may be suboptimal
due to the high number of unknown BP values within
a single day. The limitations concerning the accuracy of
indirect BP measurements [3,4] also apply to the present
cross-sectional study as the tonometric recordings were
calibrated using brachial BP measurements. The results
of the present study may also be influenced by interarm
differences in BP. Clark ¢z @/. examined 230 hypertensive
patients (mean age of 68 years) and found that an inter-
arm difference in office SBP of 210 mmHg was associ-
ated with >2-fold hazard ratio for cardiovascular events
and >3-fold hazard ratio for mortality during 10 years of
follow-up [45]. On the other hand, in this elderly popu-
lation mean SBP was 1.5 mmHg higher in the right arm,
while the mean DBP was 1.7 mmHg higher in the left
arm [45]. Thus, on average the interarm differences in BP
were not major, and BP calibrated from the right arm can
be assumed to reflect BP in the left arm rather well.

Conclusions

As mostof the hemodynamic research has been performed
in the laboratory, we compared tonometric laboratory BP
recordings with ambulatory daytime BP. High individual
variation in the BP in response to head-up tilt suggests
that upright measurements along with supine or seated

Table 3 Classification of subjects to hypertensive and normotensive groups when applying the radial cut-point 136/82 mmHg in labora-
tory measurements: 311 (75.8%) of the subjects were classified similarly in ambulatory and laboratory recordings

Normotensive

Hypertensive in ABP

Hypertensive in laboratory Hypertensive in both ABP

(n=176) daytime only (n=68) only (h=231) daytime and laboratory (n = 235)
Mean systolic ABP daytime (mmHg) 122 (7) 138 (9)* 127 (6)*° 147 (11)2P°
Mean diastolic ABP daytime (mmHg) 77 (5) 88 (6)° 80 (3)*° 91 (8)2P°
Laboratory radial SBP mean(supine+upright) (mmHg) 120 (10) 127 (7)* 139 (9)*° 150 (18)2°°
Laboratory radial DBP mean(supine+upright) (mmHg) 71 (7) 76 (4)* 83 (5)*° 89 (9)2P°
Laboratory aortic SBP mean(supine+upright) (mmHg) 107 (9) 115 (7) 125 (10)*° 136 (13)°°
Laboratory aortic DBP mean(supine+upright) (mmHg) 72 (7) 77 (4) 84 (5)* 90 (9)2°

Laboratory values are calculated from the means of the last 3 min during the 5-min supine and the last 3 min during the 5-min head-up tilt recordings; mean (SD).

ABP, ambulatory blood pressure.
2P < 0.05 versus normotensive.
P < 0.05 versus hypertensive in ABP.

°P < 0.05 versus hypertensive in laboratory. When applying the aortic BP cutoff point 123/83 mmHg, 313 (76.3%) of the subjects were classified similarly in ambulatory

and laboratory recordings.
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measurements should be considered in the evaluation of
the BP level. Seated BP measurements are the prevail-
ing standard for BP measurements both in the office and
at home [1]. The present results implied that mean(su-
pine+upright) laboratory BP 136/82 mmHg corresponded
to mean daytime ambulatory BP 135/85 mmHg, and 76%
of the participants who were either hypertensive or nor-
motensive were classified similarly using both approaches.

However, BP status in the remaining 24% of subjects,
among whom significant proportions were white-coat or
masked hypertensive, more depended on the measuring
conditions, which were probably influenced by higher
physical activity during out-of-office recordings.
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