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1  | INTRODUC TION

Technology advances have recently made available few cuff‐based 
devices allowing combined non‐invasive estimation of relevant vas‐
cular biomarkers, such as central arterial pressure (CAP) and arterial 
stiffness, over the 24 hours by ambulatory blood pressure monitoring 
(ABPM).1 Such techniques, making use of the oscillometric method, 
are affordable and may allow a comfortable, accurate, repeated, and 
prolonged estimation of arterial stiffness and central hemodynamics 
in daily life conditions; this may help provide more insight into the 
vascular health of hypertensive participants or high‐risk cardiovascu‐
lar (CV) patients.1,2 Some studies seem to indicate accuracy, reliabil‐
ity, and feasibility of ambulatory arterial stiffness and hemodynamics 
evaluation based on analysis of brachial oscillograms, though, at pres‐
ent, there is limited proof on the actual clinical benefit of such an 
approach in the daily clinical management of hypertensive patients.1,3 
Unfortunately, the few data collected so far in ambulatory conditions 
are in most cases based on small sample‐sized cross‐sectional stud‐
ies.1 Only one large prospective study performed in a relatively large 
sample of hemodialysis patients has recently documented that pulse 
wave velocity (PWV), augmentation index (AIx), and central pulse 
pressure measured non‐invasively over the 24‐hours are associated 
with increased risk of CV events and mortality.4

To provide further insight on the matter, we devised and imple‐
mented a few years ago a large Registry of ABPM recordings ob‐
tained with an ABP monitor, which is able to determine CAP, PWV 
and AIx over the 24‐hours, based on a clinically validated technology 
of pulse wave analysis of oscillometric BP measurements.5-7 As de‐
tailed in the publication relative to the study protocol, the VASOTENS 
(Vascular health ASsessment Of The hypertENSive patients) Registry 
has several objectives, including the evaluation of clinical usefulness 
of 24‐hour measures of vascular biomarkers, their changes following 

treatment, and their impact on hypertension‐mediated organ damage 
and CV prognosis.5 The novelty of the project is that data collection 
is made through a telehealth solution which ensures standardized and 
centralized data collection, prompt data validation and analysis, effec‐
tive study monitoring and auditing, easy and real‐time distribution of 
software updates and bug corrections. Ultimately, the international 
nature of the study coupled with the telemonitoring tool may help 
foster the implementation of an advanced screening option for pa‐
tients with hypertension or at risk for CV disease through a worldwide 
network of expert centers linked together through telehealth.

In the current paper, we present the results relative to the base‐
line data collected in the patients enrolled in the study. Clinical data 
and vascular biomarkers are shown and compared according to 
different categories at risk of CV disease in order to provide some 
insight into the potential for this non‐invasive technique in the as‐
sessment of vascular health.

2  | METHODS

2.1 | Study population

Details on the study protocol of the VASOTENS Registry may be 
found in a previous specific publication.5 The Registry is an in‐
ternational, multicenter, observational, non‐randomized, pro‐
spective study endorsed by the Italian and Russian Societies of 
Hypertension. The trial is registered with ClinicalTrials.gov at num‐
ber NCT02577835. A total of 24 hypertension centers worldwide 
were involved in the study (12 in Russia, 2 in Italy, 2 in Argentina, 2 
in Portugal, 1 in Australia, 1 in Mexico, 1 in Romania, 1 in Ukraine, 
1 in Kazakhstan, and 1 in Armenia), of which 16 actively recruited 
male or female adult participants (age ≥ 18  years) referred to the 
study centers for routine diagnostic evaluation of a suspected 
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hypertension or with established hypertension of any severity or 
stage, and requiring an ABPM for evaluating their condition, accord‐
ing to current recommendations.5 Participants could not be enrolled 
in case of atrial fibrillation, frequent ectopic beats, second‐ or third‐
degree atrioventricular blocks, or other conditions which might have 
made difficult or unreliable the automatic BP measurement with the 
oscillometric technique. Pregnant women and participants with an 
arm circumference < 22 cm were excluded as well.

The study was conducted according to Good Clinical Practice 
guidelines and the Declaration of Helsinki. The data collection was 
started in each center only after approval of the study protocol by 
the local Independent Ethics Committee. All eligible participants 
willing to participate were fully informed about the study design and 
purposes and asked to give written informed consent prior to enroll‐
ment into the study.

2.2 | Study procedures

The project did not involve any type of diagnostic evaluation or phar‐
macologic intervention specifically designed for the study purpose 
and the investigator was free to manage the patients included in the 
Registry according to the requirements of clinical practice and cur‐
rent guidelines.8 However, as guidelines recommend, once enrolled, 
each patient had to be followed up with visits occurring at regular 
intervals: ideally every 6 months, and not less than once a year, for a 
minimum follow‐up of 2 years.

Data collection was ensured by a certified web‐based tele‐
medicine platform (THOLOMEUS®, Biotechmed Ltd.) available at 
the following Web site: www.tholo​meus.net.9 At each study visit, 
an ABPM was performed and patient's clinical data, such as fam‐
ily history, anthropometric data, smoking and drinking habits, past 
and current diseases, therapies, office BP, and laboratory tests, in‐
cluding evaluation of hypertension‐mediated organ damage, were 
collected, and entered on the electronic Case Report Form (e‐CRF) 
located on the study Web site.

2.3 | Office and ambulatory BP measurement

Two sequential conventional (office) BP and heart rate (HR) readings 
were taken in the sitting position at the time of ABPM placement (with 
the same device used for ABPM or with a validated automatic or manual 
BP measuring device) and recorded on the e‐CRF. Twenty‐four‐hour 
ABPM was performed with a BPLab device (BPLab GmbH), which has 
been found to be accurate for the estimation of both BP and vascular 
indices in properly conducted validation studies.6,7,10 Current guidelines 
were followed for proper recording performance.11 In order to reduce 
patient's discomfort and to ensure a reliable minimum number of BP 
measurements for the subsequent data analysis, the device was pro‐
grammed to measure BP at least every 20 minutes during the day (pro‐
viding a minimum of 3 readings per hour) and at least 30 minutes during 
the night (providing a minimum of 2 readings per hour). Whenever 
possible, recordings were started between 8 am and 11 am, in order to 
standardize data collection and comparisons. The monitoring cuff was 

placed around the non‐dominant arm. Patients were instructed to keep 
their arm still and to avoid any movement during each automatic BP 
measurement. They were free to attend their usual daily activities dur‐
ing ABPM (avoiding strenuous exercise). They had to complete a diary 
in which daily activities such as time of sleeping, time of meals had to 
be reported together with the time of occurrence of unusual events or 
poor night sleep quality. The patient had to come back to the outpa‐
tient clinic on the second day of the recording (after at least 24 hours) 
to remove the monitor. Shortly after the device removal, the recording 
was uploaded on the web‐based telemedicine platform by plugging the 
ABPM device to the personal computer (PC) through a universal serial 
bus (USB) cable. ABPM data were transmitted to the Web site and ana‐
lyzed in real‐time with the production of an electronic report sent by 
e‐mail to the investigator and simultaneously published in the user‐re‐
stricted area of the Web site. Once the investigator obtained the results 
from the web‐based analysis software, he/she checked each recording 
for compliance with quality criteria (see below for details). In case of 
a bad quality recording, the investigator had to repeat the recording, 
whenever feasible, as soon as possible, preferably in the next two days.

2.4 | Pulse wave analysis

The oscillometric BPLab device also allowed measurements of am‐
bulatory arterial stiffness and central hemodynamics, by recording 
pulsatile pressure changes at the brachial artery level. Briefly, during 
BP measurement, the pressure waveforms in the cuff were recorded 
during a step‐by‐step deflation, and then digitalized and stored in 
the device memory. When data were uploaded on the web‐based 
telemedicine platform, the software processed the signal using pro‐
prietary mathematical algorithms. These were based on a specifically 
developed hemodynamic model to get the PWV and transfer func‐
tion that utilizes a modification in a certain frequency range within 
the acquired pulse signal to derive the aortic pressure wave, and thus 
to assess CAP and AIx. CAP was estimated relative to measured bra‐
chial SBP and DBP, as common for other type I devices. A detailed 
description of the methodology may be found elsewhere.5-7 The ac‐
curacy of the BPLab device for the assessment of vascular indices has 
been validated in studies against non‐invasive measurements of the 
same parameters obtained with the Sphygmocor device.6,7

2.5 | Statistical analysis

For the purpose of this study, only patients with valid ABPM record‐
ings performed at study entry were considered. Valid recordings were 
those with at least 70% of the expected number of readings and at 
least 20 valid readings during the daytime and 7 during the nighttime, 
as recommended by current guidelines.11 Analysis of 24‐hour record‐
ings was preceded by removal of artifacts according to previously 
described editing criteria.12 Individual readings obtained over the 24‐
hours were averaged in order to obtain: (a) 24‐hour mean of brachial 
systolic blood pressure (SBP) and diastolic blood pressure (DBP); (b) 
24‐hour mean of aortic SBP and DBP; (c) 24‐hour mean of PWV; (d) 
24‐hour mean of AIx. Averages were computed also for the daytime 
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and nighttime subperiods (defined according to the actual night sleep 
and waking hours) and for each hour of the recording. Since AIx de‐
pends on HR, in each individual 24‐hour AIx was normalized to an HR 
of 75 bpm.13 Day‐night changes in BP, PWV, and AIx were calculated 
and presented as a percentage of daytime mean values.

Basic descriptive statistics were provided for all demographic 
and clinical variables by calculating absolute and relative frequencies 
(categorical variables) and average value ± standard deviation (SD) or 
95% confidence interval (continuous variables). Analysis was run for 
the whole population and for subgroups defined according to (a) age 
(young participants, <65 years vs old participants, ≥65 years); (b) sex 
(male vs female participants); (c) arterial hypertension (no vs yes); (d) 
dyslipidemia (no vs yes); (e) diabetes mellitus (no vs yes); (f) any CV 
disease (no vs yes, including transient ischemic attack, stroke, myo‐
cardial infarction, angina, heart failure, peripheral vascular disease, 
kidney disease); (g) metabolic syndrome (no vs yes).

The classification of patients according to the presence or ab‐
sence of arterial hypertension, dyslipidemia, diabetes mellitus, and 
CV disease was based on patient's self‐reported knowledge and use 
of specific medications. The presence of metabolic syndrome was 
evaluated according to the harmonized definition14 by the presence 
of 3 out of 5 of the following risk factors: (a) elevated waist cir‐
cumference (≥94 cm in males and ≥80 cm in females for Caucasian 
participants; ≥90  cm in males and ≥80  cm in females for Asian 
and Hispanic participants); (b) elevated triglycerides (≥150 mg/dL) 
or specific lipid‐lowering treatment; (c) reduced HDL cholesterol 
(<40 mg/dL for males and <50 mg/dL for females) or specific lipid‐
lowering treatment; (d) elevated BP (≥130 mm Hg for SBP and/or 
≥80 mm Hg for DBP) or antihypertensive treatment; (e) elevated 
fasting glucose (≥100 mg/dL) or treatment for diabetes. When waist 
circumference was missing, a BMI ≥ 25 kg/m2 was used to evaluate 
obesity as a component of the metabolic syndrome.

The differences in hemodynamic indices within each subgroup 
were assessed by analysis of variance with no adjustment (crude 
estimate) and after accounting for age, sex, CV risk factors (includ‐
ing obesity, known arterial hypertension, dyslipidemia, diabetes, 
CV disease). In the case of comparison affecting AIx, an adjust‐
ment for mean BP level was also applied, whereas comparisons in‐
cluding relative day‐night changes in PWV and AIx were adjusted 
also for day‐night changes in BP.

Data management and analysis were carried out by SPSS for 
Windows version 25. A P < .05 was considered as the minimum level 
of statistical significance.

3  | RESULTS

3.1 | Demographic and clinical data

A total of 1342 patients was recruited and submitted to a full 24‐
hour ABPM. However, recordings were successful in 1200 partici‐
pants (89.4%): 142 recordings (11%) could not be included because 
the oscillograms did not allow to obtain proper parameters for a suf‐
ficient number of readings.

Mean participants’ age was 52.6  ±  15.5  years, with 75.4% of 
participants younger than 65  years. Male participants were more 
prevalent than females (55.3% vs 44.7%). High BP, dyslipidemia, dia‐
betes, metabolic syndrome, and CV disease were reported by 47.5%, 
27.0%, 6.8%, 35.3%, and 9.9% of participants, respectively.

Details on demographic and clinical data of the whole‐study 
population are reported in Table 1, whereas Table S1 summarizes 
the same data by each subgroup of the study.

3.2 | Hemodynamic variables in the whole‐
study population

As expected, 24‐hour average brachial SBP and DBP values 
(128.1 ± 14.3/79.4 ± 9.6 mm Hg) were significantly (P = .0001 for both 
SBP and DBP) lower than office ones (141.3 ± 20.3/90.2 ± 14.2 mm 
Hg). Twenty‐four‐hour average brachial SBP was significantly 
(P = .0001) higher and 24‐hour brachial DBP significantly (P = .0001) 

TA B L E  1  Demographic and main clinical characteristics of the 
study population

  All (n = 1200)

Age (y) 52.6 ± 15.5

Young (<65 y) 905 (75.4)

Old (≥65 y) 295 (24.6)

Sex

Male 664 (55.3)

Female 536 (44.7)

Ethnicity

Caucasian 1057 (88.1)

Hispanic 81 (6.8)

Asian 59 (4.9)

Black 3 (0.3)

BMI (kg/m2) 28.1 ± 4.8

Waist circumference (cm) 96.5 ± 14.0

Overweight or obesity 626 (52.2)

Known hypertension (untreated or treated) 570 (47.5)

Treated hypertension 513 (42.8)

Known dyslipidemia (untreated or treated) 326 (27.0)

Treated dyslipidemia 177 (14.8)

Known diabetes (untreated or treated) 81 (6.8)

Treated diabetes 69 (5.8)

Metabolic syndrome 423 (35.3)

CV diseases 119 (9.9)

CV risk factors (hypertension, dyslipidemia, diabe‐
tes, or cardiovascular disease)

608 (50.7)

Concomitant diseases 577 (48.1)

Concomitant medications 535 (44.6)

Note: Data are reported as absolute and relative frequency (percentage 
in brackets) or as mean value and standard deviation.
Abbreviations: BMI, Body Mass Index; CV, Cardiovascular.
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lower than 24‐hour average aortic BP (117.2 ± 12.8/80.7 ± 9.7 mm 
Hg) (Figure 1A,B). The proportion of participants showing sustained 
hypertension (simultaneously elevated office and ambulatory BP) was 
slightly larger than that with a known history of hypertension (56.7% 
vs 47.5%). Brachial and aortic BP displayed a typical parallel circadian 
pattern with values increasing during the waking hours and diminishing 
during the night sleep; both brachial daytime and nighttime BP values 
remained significantly (P = .0001) higher than the corresponding CAPs 
(Figure 1A,B). The pulse amplification (the difference between brachial 
and aortic SBP) was significantly (P < .0001) larger during the daytime 
(11.6 ± 4.2 mm Hg) than during the nighttime (8.8 ± 3.9 mm Hg).

Mean 24‐hour values of PWV and AIx were 10.6  ±  2.6 m/s and 
18.0 ± 18.6%, respectively. As shown in Figure 1A, PWV values were 
lower (P = .0001) during the night (10.3 ± 2.7 m/s) than during the day 
(10.7 ± 2.6 m/s), whereas AIx values were higher (P = .0001) during the 
night (32.5 ± 37.7%) and lower during the day (17.5 ± 19.0%) (Figure 1A,B).

3.3 | Results according to age

Twenty‐four‐hour average values of brachial and aortic SBP and 
PWV were significantly larger in older individuals, with differences 
accentuated during the night sleep (Table 2, Table S2, and Figure 2A). 
Conversely, 24‐hour, daytime and nighttime average brachial and 
aortic DBP values were significantly lower in the case of older in‐
dividuals (Table 2, Table S2, and Figure 2A). Also, AIx showed larger 
values in old participants (Figure 2A and Table 2). Finally, nocturnal 
BP and PWV drops were significantly larger in younger participants, 
whereas no between‐groups difference was observed for the night‐
time increase in AIx (Table S2).

3.4 | Results according to sex

Twenty‐four‐hour average brachial and aortic BP values were sig‐
nificantly higher in male than in female participants (Table 2), with 
more striking between‐sexes differences during the daytime, par‐
ticularly for central BP (Table S2 and Figure 2B). 24‐hour average 
PWV and AIx values were higher in female than in male partici‐
pants (Table 2). PWV and AIx values showed a circadian pattern in 
both sexes (Figure 2B and Table S2). During the night sleep, SBP, 
but not DBP dropped significantly more in males than females 
(Table S2). PWV was reduced significantly more in females than in 
males during the night, whereas the AIx increase did not differ be‐
tween sexes after adjustment for confounding factors (Table S2).

3.5 | Results according to the history of 
hypertension, dyslipidemia or diabetes

In participants reporting a previous history of hypertension, 24‐
hour average brachial and aortic BPs, PWV and AIx were signifi‐
cantly larger than in participants free from the condition (Table 2 
and Figure 2C). Between‐groups differences were more evident 
during the nighttime (Table S2 and Figure 2C).

No relevant differences were observed for BP in the subgroups 
with dyslipidemia or diabetes, except for lower brachial and aortic 
SBP values in dyslipidemic participants and higher brachial SBP 
values in diabetics (Table 2 and Figure 2D,E). Although PWV val‐
ues showed significantly higher values in patients reporting dyslip‐
idemia and diabetes, the difference was lost after adjustment for 
confounding factors (Table 2 and Figure 2D,E). AIx values did not 
differ between patients with or without dyslipidemia and between 
those with or without diabetes (Table 2, Table S2 and Figure 2D,E). 
No significant difference in BP drops during the night sleep was 
observed, whereas day‐to‐night PWV reduction was significantly 
less pronounced in patients with hypertension, dyslipidemia, or 
diabetes, before adjustment for confounding factors (Table S2). 
AIx increased during night sleep, with no statistically significant 
difference across subgroups (Table S2).

3.6 | Results according to the metabolic syndrome

Average ambulatory values of brachial and aortic SBP and DBP 
values did not significantly differ in participants with and without 
the metabolic syndrome, regardless of the period of the 24 hours 
considered (Table 2, Table S2, and Figure 2F). However, a significant 
increase in 24‐hour, daytime and nighttime PWV was observed in 
presence of the metabolic syndrome, also after adjustment for con‐
founding factors (Table 2, Table S2, and Figure 2F). No differences 
were observed in AIx between participants with and without the 
metabolic syndrome. The nighttime reduction in PWV was signifi‐
cantly blunted in participants with the metabolic syndrome, while 
no statistically significant difference in the BP reduction and AIx in‐
crease during night sleep was observed between participants with 
vs those without the metabolic syndrome (Table S2).

3.7 | Results according to concomitant CV disease

Twenty‐four‐hour, daytime and nighttime average brachial and aor‐
tic SBP values were similar in participants with and without con‐
comitant CV disease, whereas 24‐hour and daytime average brachial 
and aortic DBP values were significantly lower in participants with a 
history of CV disease (Table 2, Table S2, and Figure 2G). PWV aver‐
ages were significantly larger in case of concomitant CV disease, but 
no more differences were observed after adjustment (Table 2, Table 
S2, and Figure 2G). AIx did not significantly differ between groups. 
In participants with a known CV disease, the BP reduction during the 
night sleep was significantly less pronounced than in CV disease‐free 
participants (Table S2). No statistically significant between‐groups 
differences in PWV and AIX changes during sleep were noted.

4  | DISCUSSION

In our study, we evaluated non‐invasively various central and pe‐
ripheral hemodynamic indices in ambulatory conditions over the 
24  hours in specific subgroups at high CV risk. We observed a 
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F I G U R E  1  A, Hourly averages of brachial and aortic systolic blood pressure (SBP) and diastolic blood pressure (DBP), pulse wave velocity 
(PWV), augmentation index (AIx), and B, 24‐h, daytime and nighttime averages (±standard deviation) of brachial (open bars) and aortic (full 
bars) SBP and DBP for the whole‐study population. P‐values refer to the comparison between brachial and aortic BP
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F I G U R E  2  Hourly averages of brachial and aortic systolic blood pressure (SBP) and diastolic blood pressure (DBP), pulse wave velocity 
(PWV), and augmentation index (AIx) in the various study subgroups. CV, Cardiovascular
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variable association between these parameters and CV risk, hence 
confirming and extending to the dynamic conditions of daily life the 
findings provided by previous studies performed at rest in standard‐
ized laboratory conditions. Such studies highlighted the predictive 
value of arterial stiffness and, to a relatively less extent, of measures 
of wave reflection and central hemodynamics, in the general popula‐
tion, in elderly participants, in patients with essential hypertension, 
diabetes mellitus, renal diseases, and CV disease, and helped ac‐
knowledge the utility of these estimates as intermediate end points 
for CV events.13,15,16

To our knowledge, ours is the largest cross‐sectional observational 
study of its kind performed in ambulatory conditions and in different 
high CV risk subgroups of participants. At the moment, the large num‐
ber of patients enrolled (1200) allowed us to describe the behavior 
of ambulatory pulse wave indices in specific CV risk categories, pro‐
viding some clue about the vascular health status of our population 
and the diagnostic power of cuff‐based pulse wave analysis. Whether 
measures of vascular biomarkers obtained with pulse wave analysis of 
oscillometric brachial BP in ambulatory conditions may have on the 
long term the same prognostic value of non‐invasive estimates col‐
lected in resting laboratory conditions needs, of course, to be demon‐
strated in the future prospective phase of the VASOTENS Registry.

In the whole participants of the study, ambulatory aortic BP cir‐
cadian trend mimicked that of ambulatory brachial BP, though SBP 
was lower and DBP higher at the central than at the peripheral site. 
Both BPs showed a typical circadian rhythm, with a nocturnal fall 
smaller centrally than peripherally. PWV and AIx also had a diurnal 
rhythm, with PWV decreasing and AIx increasing at night. These re‐
sults are in line with those reported with 24‐hour cuff‐based pulse 
wave analysis performed with the same device used in this study17,18 
or with other technologies.1,19-23

The main strength of this study is the comprehensive informa‐
tion about major CV risk factors, which enabled us to assess the 
behavior of arterial stiffness and central hemodynamics over the 
24 hours in daily life conditions in different categories of CV risk. A 
major strength of our study is the description of the different behav‐
ior of brachial and central BP, and of PWV and AIx during the waking 
vs the night sleep hours in different subgroups with a variable de‐
gree of CV risk. This feature may represent the main advantage of 
ambulatory measures in relation to the conventional awake resting 
measures.

With aging, arteries become stiffer and the incident and re‐
flected waves accelerate.24 Previously published data referring to 
studies performed in resting conditions showed that in older par‐
ticipants an increase in arterial stiffness and wave reflections and 
an elevation in central and peripheral SBP are observed.24-29 Our 
results agreed with data collected at rest and with those of smaller 
studies performed in ambulatory conditions.17,18 In our population of 
older individuals, larger 24‐hour SBP values but lower 24‐hour DBP 
values than younger participants were observed. As expected, due 
to the reduction of the diurnal BP rhythm commonly observed in the 
elderly, the difference in BP between older and younger participants 
was more marked during the night sleep. Participants in advanced 

age had also an increase in PWV and AIx and a blunted PWV reduc‐
tion during night sleep, as compared to younger individuals, which 
persisted even after adjusting for CV risk factors.

Also, hypertension played an important role in the determi‐
nation of arterial stiffness and central BP in our population. After 
proper adjustment for confounding factors, both peripheral and 
central BPs, PWV and AIx were increased in patients with a known 
history of hypertension, confirming previous findings obtained in 
hypertensive patients studied either at rest13,15 or in ambulatory 
conditions.18,30-32

Other important factors related to the risk of coronary artery 
diseases such as dyslipidemia and diabetes mellitus were associated 
with increased arterial stiffness and BP. However, the association 
was weak and most of the differences, and particularly the increase 
in PWV, were lost after proper adjustment. As a matter of fact, al‐
though some studies conducted at rest previously showed PWV and 
AIx increases in diabetics33-37 as well as in patients with dyslipid‐
emia,13,15,38 these risk factors are generally regarded as less closely 
and independently related to arterial stiffness than an elevated BP. 
We cannot exclude that the lack of difference found for PWV and 
AIx in our subgroups with dyslipidemia or diabetes may be related 
to other factors, such as (a) the small sample of participants in these 
groups, (b) the fact that participants serving as controls had indeed 
other CV risk factors which may have had some unexpected effect 
on the estimation of vascular biomarkers, (c) the fact that, as sug‐
gested by some authors, in patients with diabetes PWV may be in‐
creased in the lower limb but not in the upper‐limb arteries, namely 
the site where we derived the pulse waveform for the evaluation of 
arterial stiffness,35,39 (d) the potential for a reduced accuracy of the 
oscillometric device in the estimation of PWV and AIx in dynamic 
conditions compared to devices assessing the same parameters at 
rest in a controlled laboratory setting with applanation tonometry.

Interestingly when the major CV risk factors previously dis‐
cussed (hypertension, dyslipidemia, diabetes, and obesity) clus‐
tered in the metabolic syndrome some negative effects on the 
arterial stiffness could be observed. In fact, in the patients with 
the metabolic syndrome, no difference in central and peripheral 
BP levels was observed as respect to patients with no metabolic 
syndrome, but they displayed higher values of PWV, also when 
results were adjusted for confounding factors. This suggests that 
when taken individually some components of the metabolic syn‐
drome (in particular dyslipidemia and diabetes) may have a non‐
systematic effect on arterial stiffness, while the aggregation of 
such risk factors may worsen arterial stiffness. This finding, which 
is documented in studies performed at rest,40-43 is now in absolute 
reported for the first time in ambulatory conditions in the partici‐
pants of our study.

It is well known that arterial stiffness and central hemodynam‐
ics are strong predictors of CV events and all‐cause mortality,15 but 
there is also evidence that they are associated with the presence 
of CV disease.13 Among the remaining modern vascular biomark‐
ers, these indexes are closest to being “surrogate endpoints” of CV 
events.15 This is in part confirmed in the patients of our study with 
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known CV disease, in whom we observed a trend to larger PWV and 
AIx values compared to patients free from CV disease, a trend which 
was consistently reappraised when we adjusted the results for con‐
founding factors. The limited sample of participants with CV disease 
in our study could have prevented to show differences in arterial 
stiffness and wave reflections found in previous studies performed 
in resting conditions in patients with CV disease.44-46 The longitudi‐
nal phase of the VASOTENS Registry may help us better clarify this 
aspect.

In our study, we also attempted to assess differences in arterial 
stiffness and wave reflections according to sex. Male participants 
had higher central and peripheral BP values than females. However, 
female participants showed higher PWV and AIx values also after 
adjustment for confounding factors (including age). Several stud‐
ies have shown that central hemodynamics and arterial stiffness 
differ considerably between men and women in terms of etiology, 
pathogenesis, and clinical outcomes because of numerous endog‐
enous factors, such a body size, sex hormones, and biochemical 
properties of the arteries and various exogenous factors.13,15 A 
significant sex difference in the rate of change in aortic stiffness 
with age exists. In general, arterial elasticity is better in younger 
women than in age‐matched men. However, this benefit tends to 
rapidly decline in females between the age of 45 and 50  years, 
since females, after the menopause and with aging, show a steeper 
decline in aortic distensibility, a larger increase in stiffness and an 
earlier return of the reflected wave than males.27,47 In previous 
studies performed at rest and based on applanation tonometry, 
AIx values were found invariably larger in women than in men26,47-
50: This was true also in our study. In previous studies performed 
non‐invasively, sex differences in PWV values were not always 
univocal. In general, arterial stiffness values (PWV) were found 
to be higher in women than in men at an advanced age,50 whereas 
they were larger in men than in women when individuals were 
matched by age.26,29,47,48,51 The fact that in our study women were 
older than men (55.3 vs 50.5 years, P = .0001) and that measures 
were collected in ambulatory conditions could explain the finding 
of larger PWV values in females; as a matter of fact, such differ‐
ences were consistently reduced, but still persisted after adjust‐
ing for subject‐related factors (including age). Thus, differences in 
PWV according to sex are controversial and should always be seen 
in the context of age and of other factors which could not be fully 
explored in our study.51

4.1 | Study limitations

We wish to stress some limitations of our work. First, although the 
non‐invasive character of the methodology employed in our study 
is essential for collecting data on a large scale, it also implies some 
limitations inherent to the accuracy of the indirect and non‐invasive 
technique. The oscillometric device used in this study was previously 
validated vs non‐invasive measurements done with applanation to‐
nometry (Sphygmocor) and not vs the gold standard (intra‐arterial 
measurement). However, the accuracy of the non‐invasive reference 

used in these validation studies has been extensively checked 
against intra‐arterial measurements and it may be considered a reli‐
able reference for non‐invasive validation studies. Though clinically 
validated, we cannot entirely exclude that given the dynamic nature 
of the measurements, the occurrence of some errors might have oc‐
curred in our study. However, we must acknowledge that the system 
is able to automatically discard readings with oscillograms which are 
inappropriate for the pulse wave analysis, and thus, it may substan‐
tially limit the inaccuracy of the measurement. Visual check of pos‐
sible artifacts is also possible by the investigator. As a matter of fact, 
142 of the 1342 recruited participants (11%) could not be included 
because the oscillograms did not allow to obtain proper parameters 
for a sufficient number of readings. Second, given the observational 
nature of the study, we could not collect detailed clinical informa‐
tion such as duration of underlying disease or specific number and 
type of antihypertensive or any other CV drug used by the patients. 
Since the intensity of specific treatments (eg, antihypertensive or CV 
drugs) may have affected the estimation of 24‐hour hemodynam‐
ics, the knowledge of this information may have made our analysis 
more reliable. However, we were able to categorize the participants 
on the basis of the main CV risk factors. Third, the proportion of 
participants with hypertension was low, but this categorization was 
based on self‐reported hypertension. Since a substantial propor‐
tion of participants was submitted to ABPM to check the occur‐
rence of hypertension, it is reasonable to assume that at the end of 
the diagnostic evaluation the proportion of patients with prevalent 
hypertension would have been larger. Fourth, except for the large 
sample of participants enrolled, the study may have limited elements 
of novelty. However, this is the first large study based on a specific 
technology and thus our evidence will provide some reference to 
clinicians making using of the same device used in this study, for rou‐
tine clinical evaluation of their patients. Finally, this study currently 
lacks prospective data, but we are planning a cross‐sectional analy‐
sis based on hypertension‐mediated organ damage, a surrogate hard 
end point of CV risk. Additionally, the study is proceeding on the way 
of its longitudinal phase with repeated ABPMs and collection of CV 
outcomes. These data will be presented in future publications.

5  | CONCLUSIONS

Epidemiological studies demonstrated that increased aortic stiff‐
ness, indexed as an increased PWV, is an independent risk factor 
for CV events, even when the impact of age, BP, and other known 
risk factors are taken into account. In our study, we found that am‐
bulatory central BP and PWV are increased in advanced age and in 
presence of arterial hypertension, two conditions which are thus 
confirmed as important determinants of vascular health and future 
CV outcomes. We also documented that an often common condition 
such as the metabolic syndrome is characterized by an increased ar‐
terial stiffness, thus confirming its burden as an important risk fac‐
tor for future CV disease. All these findings taken together suggest 
that prevention or reduction not only of ambulatory brachial BP but 
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also of ambulatory CAP and PWV may carry substantial health ben‐
efits, though this needs to be proved in the longitudinal phase of 
the VASOTENS Registry. They also support the value of ambulatory 
pulse wave analysis in a daily life setting for evaluation of individuals 
at risk for CV disease.
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