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A Non-invasive, Easy to Use Medical Device for Arterial Stiffness
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Arterial stiffness is classified as a useful marker of early vascular damaging and a predictor of cardiovascular
events in young people. We aimed to present the efficacy of a non invasive device in cardiovascular diseases
prevention. Using the Arteriograph device, it was performed a cross sectional, non-invasive study in 313
healthy students. Non-invasive screening of apparently healthy young subjects with high WTH ratio values
may be beneficial for detecting early, asymptomatic arterial atherosclerosis.
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Atherosclerotic cardiovascular disease remains the
primary cause of severe disability and death all over the
world although major risk factors are known and effective
treatment exists [1]. Each minute, more than one person
worldwide dies from heart disease [2].  Symptoms of
cardiovascular (CV) disease leading to heart attacks and
strokes usually appear only in late stages, that is why arterial
disease remains unknown through most of its evolution
stages. Still, atherosclerosis is preventable, the more it is
discovered in early stages [3, 4].

Traditional cardiovascular risk factors (obesity, smoking,
age, gender, hypertension, diabetes, cholesterol, genetics)
are well known and several national programs are initiated
to prevent or to reduce them. Abdominal obesity is
considered a risk factor for cardiovascular disease (CVD).
Compared to body mass index (BMI), anthropometric
measures of abdominal obesity as waist-to-hip ratio
(WHR), appear to be more strongly associated with
metabolic risk factors [7] incident CVD events, and death
[5]. WTH ratio is a better indicator for abdominal obesity
due to its close connection with visceral fat has a stronger
relation with CVD [6] and nevertheless it is quickly
measurable and simple for interpretation. However, it is
still not found in the traditional CV risk scores criteria.

Arteriosclerosis has also another risk marker, arterial
stiffness, that brings information for the prediction of future
cardiovascular events [1, 5]. Affecting the larger central
arterial system (the aortic system and its central branches),
it is positively associated with systolic, heart failure,
coronary artery disease, heart failure and atrial fibrillation.
Several suggestive markers can predict vascular stiffening.
Early identification and prevention is more effective
compared with treatment [6].

Pulse wave velocity (PWV), a direct arterial stiffness
marker, is considered as a ‘gold standard’ parameter, with
the highest predictive value for cardiac events, according
to the Current European guidelines recommendations [8].
PWV reveals the velocity of the movement of the pulse
wave generated by left ventricle ejection. Augmentation
index (AIx) is an indirect marker of arterial stiffness and a
direct measurement of the wave reflection, also confirmed
to be associated with CV risk. Brachial augmentation index
(AIx Brach) and aortic augmentation index (AIx Ao) are
calculated as the difference between the amplitude of the
late systolic and first systolic waves, divided by the pulse
pressure and multiplied by 100. Central systolic blood
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pressure (SBPao), an indicator of central hemodynamics,
is a complementary stiffness index, also used as a predictor
of CV events [8].

The predictive value of arterial stiffness in CV diseases
is well recognized and also its applicability in clinical
practice. Years and years, several devices demonstrated
to be efficient in CV markers evaluation and important
studies evaluated their applicability. The vascular stiffness
evaluation became entirely non-invasive, large used
worldwide.

The aim of presented study is to highlight the clinical
value of an innovative, easy to use and non invasive medical
device in arterial stiffness prevention.

Experimental part
Material and method

This cross sectional study enrolled young healthy
volunteers from Victor Babes University of Medicine and
Pharmacy, Timisoara, Romania. The written consent was
obtained from each student, after they had been informed
about the aim and procedures of the study. All investigations
were in accordance with the principles affirmed in the
Declaration of Helsinki, and were approved by Victor Babes
University ethics committee.

Any known disease or chronic medication (e.g. statins)
represented exclusion criteria. Specialized cardiologists
non-invasively evaluated students. The clinical evaluation
included general medical consult and anthropometric
parameters were measured. We calculated the body mass
index (BMI) and WTH ratio according to the international
criteria [9].

Arterial stiffness parameters were obtained using the
Arteriograph (TensioMed Ltd., Budapest, Hungary), an
innovative oscillometric device that evaluates important
parameters of arterial stiffness [10]. The evaluation was
performed in the morning, in a quiet room, with the
participant lying down and resting 15 min before, without
moving or speaking, according to the device instructions.
The cuff was attached to the right upper arm of the subject.
There was no food intake or smoking 3 h prior to the test;
also no alcohol nor caffeine drinking was allowed 10 h
before the examination. The same investigator evaluated
all patients. The principle of this methods is based on
plethysmography and the device records pulsatile pressure
changes in a blood vessels (artery) [10]. As a first step, the
Arteriograph measures the arterial blood pressure in the
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upper arm and generates a higher wave, compared with
the measured systolic blood pressure. The pressure
fluctuations are recorded and interpreted with specific
software. Pulse wave velocity (PWV) is calculated
between the beginning of the first wave and the beginning
of the second one and it is expressed in m/s. The
augmentation index (AIx) was calculated by the software
in relation to the pulse pressure and it represent the pressure
difference between the first and second wave. It is
expressed in percentages. Aortic and brachial
augmentation index were calculated (AIx Brach AIx Ao)
[10]. Central blood pressure (SBPao) to each study
volunteer were also measured, in 2 phases- systolic and
diastolic (fig. 1). All measurements fulfilled quality control
criteria. Obtained values were classified in accordance to
the expert consensus recommendations on arterial
stiffness [11].

Statistical analysis was performed using IBM SPSS
Statistics 23 program and a two-tailed p value <0.05 was

considered significant. The obtained values are expressed
in median and quartiles (they did not have normal
distribution). We evaluated the entire cohort results and
we also compared the results between women and males
using independent samples t- test. Spearman’s correlation
coefficients were applied to establish the relation between
variables obtained with the arteriography and
anthropometric indices.

Results and discussions
Our study group involved 313 healthy medical students,

184 males and 129 females, aged between 18 to 53 years
old. Table 1 described the evaluated subjects.

Males and females had the same median age (20 years).
The female’s group had a smaller median weight
compared with males.

The group median for BMI was 25.1 kg/m2 for males
and 20.76 kg/m2 for females, p-value 0.002. The calculated
WTH ratio for male’s group was 0.85 (median) and for
female’s 0.79, p-value 0.015.

Table 1
COHORT DESCRIPTION

Fig. 1 Systolic and dyastolic blood pressure measurement in one patient
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We noticed a high difference between AIx Brachial
median values between the two groups (p-value 0.037).
All the obtained values from Aix Brachial and Aortic are
illustrated in figure 2. For PWV (fig. 3), the difference
between women’s and male’s group were also statistical
significant; SBPao had very closed value between the 2
groups, with no signicant differences (p-value 0.1).

The correlation between WTH ratio and SBPao was
medium and positive in females. There also was a statistical
significant low positive correlation between PWNao and
WTH ratio in male’s and female’s group (table 2).

The correlation between WTH ratio and AIx Aortic or
AIx Brachial was negligible and without statistical
significance. When we considered the entire cohort, the
correlation between WTH ratio and SBPao was strong
direct (Spearman’s rho 0.454) and statistical significant
(p<0.001).

In this study, we emphasize the relationship between
WTH ratio, a marker of abdominal obesity, and arterial
function parameters in young healthy medical students,
males and females. We choose to evaluate young healthy

people because the incidence of cardiovascular events is
high probably because of several risk factors- low medical
prophylactic evaluations, unappropriated life style and fast
food diet. Using an easy, non-invasive medical device, we
evaluated the arterial stiffness of those subjects and we
had the opportunity to identify patients at cardiovascular
risk, before any clinical sign.

WTH ratio is a simple, objective index that can be easily
and quickly measured and used to provide a simple and
non-invasive approach in the evaluation of the arterial
stiffness. Even in young adults, increased abdominal
adiposity determines early vascular aging leading to
cardiovascular complications. Studies concentrated on
obese, middle aged population or elderly, emphasized the
association between anthropometric measures, such as
WTH ratio and arterial stiffness [12, 13].  Nordstrand et al.
showed that measures of both general obesity and
abdominal obesity were associated with PWV in morbidly
obese women, but not in men [12]. Rider et al. used
magnetic resonance imaging to show that obesity is
associated with increased PWV, and with subacute

Fig. 2 Values of AIx Brachial and AIx Aortic

Table  2
SPEARMAN’S CORRELATION BETWEEN VARIABLES

Fig. 3.  PWVao measurement and arterial age
estimation in one evaluated subjuct
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inflammation, and furthermore, with alterations in hormonal
and metabolic profile. On the other hand, their study
emphasized on showing that weight loss results in reduced
PWV that can be related to improvements in metabolic
and hormonal profile by reduction in visceral and
subcutaneous fat mass [13]. There are also researches
that have examined the relation between anthropometric
indices and arterial stiffness in healthy young populations
close to normal weight, but their results were inconsistent
[14, 15]. Wildman et al. [16] found that WTH ratio was
strongly associated with pulse wave velocity (PWV), the
direct marker of arterial stiffness. Van den Munckhebet et
al found a significant correlation between WTH ratio and
PWV only in men [17]. Maher et al. [18] showed that none
of the anthropometric measures was associated with
augmentation indices. It is also important to emphasize
that not all of these studies have taken into account sex
differences.

Our results highlight the relation between WTH ratio
and cardiovascular diseases, in young individuals. Even if
the BMI is normal for age and sex, the abdominal fat storage
could be considered a risk factor. WTH ratio is not indicated
to be used in children but it was associated with an
increased risk of early death in normal weight individuals
[19].

Conclusions
The Arteriograph is a medical device with a proved

efficiency. It offers the possibility to evaluate arterial
stiffness parameters in a non-invasive, rapidly and
reproducible way. It has several limitation especially related
to technique. If the cuff is not well positioned (very tightly
around the subject’s arm and the arm absolutely
motionless), there is a risk to have a false result. The
interpretation is made by a specific software and the biases
at this step are very low.

In presented study, the relevant correlation was for
female group and that could be explain because the
abdominal fat storage, abdominal obesity, is more frequent
in females compared with males. WTH ratio is a common
value, calculated by many of medical or non-medical
devices, especially those from fitness centers. We used
young healthy people because they went more often to
fitness compared with prophylactic medical evaluation.
We suggest that it could be indicated like an alarm when
its value is higher than 0.8 for women, 0.95 for men as an
important cardiovascular risk factor.

These findings reveal the importance of WTH ratio
determination as a risk factor for arterial stiffening. Non-
invasive screening of apparently healthy young subjects
with high WTH ratio values may be beneficial for detecting
early, asymptomatic arterial atherosclerosis. Prevention is
the best attitude in order to reduce CV morbidity and
mortality in young population.
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