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Abstract: The purpose of this study was to examine the pulse wave velocity, aortic augmentation
index corrected for heart rate 75 (AIx@75), and central systolic and diastolic blood pressure
during 24-hour monitoring in normotensive volunteers. Overall, 467 subjects (206 men and
261 women) were recruited in this study. Participants were excluded from the study if they were
less than 19 years of age, had blood test abnormalities, had a body mass index greater than
27.5 kg/m2, had impaired glucose tolerance, or had hypotension or hypertension. Ambulatory
blood pressure monitoring (ABPM) with the BPLab® device was performed in each subject.
ABPM waveforms were analyzed using the special automatic Vasotens® algorithm, which allows
the calculation of pulse wave velocity, AIx@75, central systolic and diastolic blood pressure
for “24-hour”, “awake”, and “asleep” periods. Circadian rhythms and sex differences in these
indexes were identified. Pending further validation in prospective outcome-based studies, our
data may be used as preliminary diagnostic values for the BPLab ABPM additional index in
adult subjects.
Keywords: ambulatory, monitoring, arterial stiffness, augmentation index, central blood
pressure, reference values

Introduction
Since the start of the new millennium, registries to assess the impact of ambulatory
blood pressure monitoring (ABPM) on hypertension management and related outcomes have been established in several countries. ABPM registries are more commonly focused on patients with documented or possible hypertension who would
benefit from ABPM.1 The BPLab-Vasotens registry that was established this year is
the project of dozens of small groups aimed at joint solutions for various scientific
problems. One of the challenges is research into new ABPM vascular indexes. Some
of these indexes, such as pulse wave velocity (PWV), are recommended for practical
clinical use, whereas others, such as central blood pressure (BP) and augmentation
index (AIx), are indexes of great interest for mechanistic analyses in pathophysiology,
pharmacology, and therapeutics, but more investigation is needed before recommending their routine clinical use.2 It is also necessary to note that at the present time, there
are devices that provide not only a single pulse wave measurement but several pulse
wave measurements over a period of 24 hours.3,4
The purpose of this study is to examine the PWV, aortic AIx corrected for heart rate
75 (AIx@75), and central systolic and diastolic blood pressure (SBPao and DBPao,
respectively) during 24-hour monitoring in normotensive volunteers.
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Materials and methods
Baseline characteristics
Participants were screened for medical history and submitted to physical exams, blood tests (including lipid profile
and glucose), and echocardiography with 12-lead electrocardiography. Individuals were excluded from the study if
they were less than 19 years of age, had blood test abnormalities, had a body mass index greater than 27.5 kg/m2,
had impaired glucose tolerance, or had hypotension or
hypertension.
Overall, 467 Caucasian subjects (66 men and 67 women
under the age of 34, 75 men and 83 women aged 35–49,
65 men and 76 women aged 50–64, and 35 women aged 65
or over) were recruited in this study after providing written
informed consent for participation. The study was approved
by the local ethical committee.

Measurements
ABPM with the BPLab® device (Petr Telegin, Nizhny
Novgorod, Russia) was performed on each subject. The
accuracy of this device has previously been validated for
ABPM.5 There have been other validations for vascular
indexes.6–8 The principle of the oscillometric method is based
on plethysmography and registers pulsatile pressure changes
in the brachial artery. The recordings were made in ambulatory conditions using a conventional brachial BP cuff for
adults. During the BP measurement the pressure waveforms
in the cuff are registered, digitalized, and stored in the device
while performing a step-by-step deflation.
The ABPM waveforms were analyzed by a special
automatic mathematical algorithm using BPLab Vasotens®
technology (Petr Telegin), which allows calculation of central
pulse wave parameters from the peripheral pulse wave. An
aortic pulse wave is generated with a generalized transfer
function that uses a modification of a certain frequency range
within the acquired pulse signal to derive the aortic pressure
wave. The modulus and phase characteristics of the Vasotens transfer function have previously been published.7 The
principle of the PWV measurement of the Vasotens has also
previously been described.4,6 The difference in time between
the first wave and the second (ie, the reflected wave) is related
to the distance measure according to the manufacturer’s
instructions, and the resulting PWV is in m/second. PWV,
AIx@75, SBPao and DBPao were calculated for “24-hour”,
“awake”, and “asleep” periods.
Quality control consisted of a visual assessment of the
curves on the Vasotens clinical report screen. There was an
average of 49 (standard deviation =8.3) successful readings
during the monitoring period.
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Statistics
BPStat® software version 05.01 (Petr Telegin) enabled the
automatic tabulation of all indexes of every measured waveform used. Statistica 8.0 (StatSoft Inc., Tulsa, OK, USA) and
MedCalc (MedCalc Software, Ostend, Belgium) software
were used for the analysis. Mean and standard deviation were
used in the descriptive statistics. The association between age,
sex, and time of day (awake or asleep) with PWV, AIx@75,
and central BP of the subjects was determined using a multiple
regression analysis. The strength of the association assessed
by the multiple regression analysis was indicated by the standardized regression coefficient value (Beta). We also used the
percentile method to estimate the reference intervals.

Results
Table 1 describes the PWV, AIx@75, SBPao, and DBPao
in the male and female study participants. Men demonstrated significantly (P,0.01) higher 24-hour PWV in the
50–64-year-old age group (9.3 m/second) compared with
women in the same age group (8.3 m/second). Furthermore,
the 24-hour PWV in men increased with age significantly
(7.8 versus 9.32 m/second, P,0.01), whereas women did
not display a significant increase with age (7.9 versus 8.3
m/second, P.0.05). Both men and women in all age groups
displayed a significant nocturnal fall of PWV.
Conversely, women displayed significantly (P,0.01) higher
24-hour AIx@75 in the 50–64-year-old age group (27.0%)
compared with men of the same age (23.3%). It should be
noted that the nocturnal shift of AIx@75 was not significant.
Regarding the central aortic BP, both men and women
displayed a characteristic nocturnal pattern similar to the
“dipping” status of the peripheral pressure. There was an
increase of 24-hour central aortic BP with age in men (systolic:
107.5 for age ,34 years versus 114.5 for the 50–64-year-old
age group, P,0.01; diastolic: 71.3 for ages ,34-years-old
versus 81.0 for ages 50–64, P,0.01) and in women (systolic:
103.1 for age ,34-years-old versus 112.5 for 50–64-yearsold, P,0.01; diastolic: 70.3 for age ,34-years-old versus
73.7 for 50–64-years-old, P,0.01).
Most of the studied indexes showed significant association with time of day after multiple adjustments for age and
sex (Table 2).

Discussion
The main result of the present study is the establishment of
normal and reference values for indexes of Vasotens technology, namely PWV, central BP, and AIx@75. These values
are based on a dataset obtained from four centers distributed
across Russia.
Vascular Health and Risk Management 2014:10
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M (SD)

Me (5–95 pc)
7.2 (6.9–7.4)
8.2 (7.8–8.5)
8.7 (7.4–10.0)
–
7.8 (-4.7–20.5)
15.2 (8.9 –21.4)
23.0 (10.4–35.6)
–
97.3 (94.7–99.9)
95.3 (90.3–100.4)
106.2 (91.4–121.0)
–
64.7 (61.7–67.7)
64.8 (60.8–69.2)
72.8 (60.1–85.6)
–

7.8 (6.3)
15.1 (3.1)
22.9 (6.3)
–
97.3 (1.3)
95.3 (2.5)
106.1 (7.4)
–
64.7 (1.5)
64.9 (2.1)
72.7 (6.4)
–

Me (5–95 pc)

7.1 (0.11)
8.1 (0.15)
8.6 (0.6)
–

M (SD)

Asleep

70.3 (1.2)
69.7 (1.9)
73.7 (2.3)
72.5 (2.5)

103.1 (1.7)
103.5 (1.8)
112.5 (2.3)
107.0 (7.1)

11.3 (3.7)
19.7 (5.2)
27.0 (8.3)
33.8 (12.5)

7.9 (0.15)
8.2 (0.13)
8.3 (0.24)
8.3 (0.4)

M (SD)

24 hour

Women

70.4 (67.8–72.7)
69.8 (65.9–73.6)
73.9 (69.2–78.5)
72.6 (67.6–77.6)

103.2 (99.8–106.8)
103.6 (99.9–107.2)
112.6 (108.0–117.2)
107.1 (93.1–121.1)

11.4 (3.9–18.8)
19.7 (9.4–30.2)
27.1 (10.5–43.7)
33.9 (8.9–58.9)

7.8 (7.5–8.1)
8.3 (8.1–8.5)
8.3 (7.8–8.8)
8.4 (7.6–9.2)

Me (5–95 pc)

74.9 (1.5)
73.4 (1.7)
78.4 (2.4)
77.6 (3.8)

109.3 (2.3)
110.6 (1.7)
116.9 (2.5)
112.9 (9.3)

13.4 (4.8)
21.6 (6.4)
27.6 (11.6)
36.2 (15.7)

8.4 (0.16)
8.8 (0.16)
8.9 (0.2)
8.9 (0.5)

M (SD)

Awake

75.2 (72.2–78.2)
73.6 (70.4–77.1)
78.8 (74.0–83.6)
78 (70.4–85.6)

109.6 (105.0–114.2)
110.9 (107.5–114.3)
117.3 (112.3–122.3)
113.3 (94.7–131.9)

12.4 (3.9–18.9)
20.9 (9.3–30.1)
28.1 (10.5–44.7)
34.9 (9.9–59.8)

7.8 (7.6–8.2)
8.3 (8.1–8.6)
8.4 (7.9–8.8)
8.4 (7.6–9.1)

Me (5–95 pc)

Abbreviations: 5 pc, the upper limit of the 5th percentile; 95 pc, the lower limit of the 95th percentile; ABPM, ambulatory blood pressure monitoring; M, mean; Me, median; SD, standard deviation.

Pulse wave velocity, m/s
7.8 (0.13)
7.9 (7.7–8.2)
8.5 (0.17)
8.7 (8.3–9.0)
,34
35–49 8.5 (0.14)
8.6 (8.3–8.9)
9.1 (0.21)
9.2 (8.8–9.6)
50–64 9.3 (0.7)
9.5 (8.1–10.8)
9.5 (0.4)
9.6 (8.8–10.5)
–
–
–
–
.65
Aortic augmentation index corrected for heart rate 75, %
9.4 (7.7)
10.4 (8.1)
9 (-5.5–24.7)
10.5 (-5.7–26.7)
,34
35–49 17.7 (4.4)
17.8 (9.04–26.6)
17.8 (6.2)
17.9 (5.6– 30.3)
50–64 23.3 (12.0) 23.5 (-0.5–47.5)
25.2 (4.3)
25.4 (16.8–33.9)
–
–
–
–
.65
Central systolic blood pressure, mmHg
107.5 (4.2) 107 (99.2–116.0)
112.5 (6.1) 112.6 (100.4–124.8)
,34
35–49 104.7 (1.3) 104.8 (102.4–107.2) 109.3 (7.5) 109.6 (94.4–124.5)
50–64 114.5 (11.5) 114.6 (91.6–137.7) 118.2 (13.1) 118.3 (92.2–144.5)
–
–
–
–
.65
Central diastolic blood pressure, mmHg
71.3 (1.3)
71.4 (68.8– 74.0)
75.5 (1.6)
75.6 (72.4–78.8)
,34
35–49 72.7 (1.3)
72.8 (70.4–75.2)
77.5 (3.8)
77.6 (70.0–85.2)
50–64 81.6 (10.2) 81.1 (61.2–101.2)
84.8 (12.3) 84.6 (60.3–109.5)
–
–
–
–
.65

Awake

M (SD)

Me (5–95 pc)

Age in Men
years 24 hour

Table 1 Distribution of Vasotens®-calculated additional ABPM parameters in normotensive volunteers according to sex and age
Asleep

62.6 (1.4)
61.5 (1.7)
63.8 (2.7)
61.8 (2.9)

94.5 (1.3)
97.3 (1.7)
101.2 (2.0)
99.4 (4.8)

10.8 (3.2)
17.3 (5.4)
26.2 (8.1)
30.6 (11.3)

6.7 (0.13)
8.0 (0.12)
8.2 (0.2)
8.1 (0.3)

M (SD)

62.6 (59.8–65.4)
61.5 (58.1–64.9)
63.82 (58.4–69.2)
61.8 (56.0–67.6)

94.5 (91.8–97.1)
97.3 (93.9–100.7)
101.2 (97.2–105.2)
99.4 (89.8–109.0)

10.8 (4.4–17.2)
17.3 (6.5–28.1)
26.2 (10.2–42.4)
30.6 (8.0–53.2)

6.7 (6.5–6.7)
8.0 (7.8–8.3)
8.2 (7.9–8.6)
8.1 (7.5–8.7)

Me (5–95 pc)
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Table 2 Multiple regression results for the relationship between pulse wave velocity, aortic augmentation index corrected for heart
rate 75, and central systolic and diastolic blood pressure with variables studied
PWV
Time of day (awake or asleep)
Age
Sex

AIx@75

SBPao

DBPao

Beta

P-level

Beta

P-level

Beta

P-level

Beta

P-level

0.40
0.24
0.23

0.0003
0.0203
0.0442

0.11
0.19
0.27

0.0731
0.0459
0.0273

0.44
0.29
0.20

0.0004
0.0309
0.0464

0.42
0.23
0.17

0.0004
0.0413
0.0623

Abbreviations: AIx@75, aortic augmentation index corrected for heart rate 75; Beta, standardized regression coefficient value; DBPao, central diastolic blood pressure;
PWV, pulse wave velocity; SBPao, central systolic blood pressure.

From a practical viewpoint, the accurate determination of
PWV cut-off value excesses is an important task. This task
allows physicians to draw conclusions about the significant
alterations of aortic function and, accordingly, to include
a patient in one risk group or another. It is evident that the
representation of PWV values according to age is similar
to the representation of the data reported in other published
reports.9–11 According to some studies, there is nocturnal
fall in PWV.2 However, in our study, normal and reference
values for the night PWV, according to sex and age, have
been published for the first time.
Interestingly, women in this study had a significantly
lower PWV compared to men. It is well known that clinical
and autopsy observations have suggested that women seem
to develop vascular disease later than men, which could be
related to factors specific to women that account, for example,
for resistance to atheroma growth, etc.12,13
The circadian rhythms of central BP were also observed.
Brachial and central BP both demonstrated typical diurnal
patterns with lower pressures at night. Nighttime central BP
may provide prognostic importance and warrants further
investigation.14,15 Our study adds data to the above information on sex differences in central BP.
The relationship of the AIx to sex has recently been
reported.16 Sex-specific equations including age, heart rate,
and height to calculate reference values for AIx have also
been validated.17 The AIx@75 in our study is corrected
for heart rate, but it still has the most pronounced sex
differences.
There were limitations associated with this study. The
number of normotensive men over 65-years-old was too low,
thus limiting our ability to detect significant differences in
that age group. Studies involving a large number of patients
are essential to generalize the results of the study. This study
did not exclude smokers, and its findings may be slightly
difficult to apply to general populations.
In conclusion, pending further validation in prospective
outcome-based studies, our data may be used as preliminary
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diagnostic values of BPLab ABPM additional index in adult
subjects.
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