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Abstract

Introduction: The parameters of pulse wave analysis, an emerging modality, are strong predictors of
cardiovascular events and all-cause mortality. Systemic arterial hypertension and type 2 diabetes mellitus promote
arterial stiffness, thereby modifying the characteristics of the pulse wave. This study analyzed and compared the
pulse wave parameters of patients with diabetes and/or hypertension, using the oscillometric method.

Methods: In this cross-sectional study, the 110 study subjects were divided into three groups: Hypertensive–
diabetic, hypertensive, and diabetic. An oscillometric pulse wave test was performed using Mobil-O-Graph® PWA
equipment. The following variables were assessed: Age, body mass index, augmentation index, pulse wave velocity,
peripheral arterial pressure, and central arterial pressure.

Results: The mean age of the study population was 61.3 years (standard deviation: 1.2). The mean body mass
index was 29.3 kg/m2 (standard deviation: 2.9). The hypertensive–diabetic group had the highest mean pulse wave
velocity and peripheral and central arterial pressure values. Moreover, the systolic peripheral and central arterial
pressures of the hypertensive–diabetic group were significantly higher than those of the other two groups (p<0.05).
All analyzed parameters were strongly correlated between the diabetic group and the hypertensive group
(p<0.0001).

Conclusion: Patients with overlapping cardiovascular risk factors of diabetes and hypertension had the highest
PWV and peripheral and central arterial pressure values. Hypertension and diabetes, as isolated conditions, were
equivalent in their alterations of pulse wave analysis parameters.

Keywords: Pulse wave analysis; Arterial stiffness; Hypertension;
Diabetes

Introduction
Globally, cardiovascular diseases account for approximately 17.5

million (or 31% of all) deaths annually [1]. Arterial hypertension plays
an important role as, out of 19 risk factors, it is the main cause of
cardiovascular mortality. Annually, hypertension is directly responsible
for an estimated 7.6 million premature deaths [2,3]. Also, of concern is
diabetes mellitus (DM). The International Diabetes Federation
estimated that in 2014, approximately 387 million adults were affected
by DM worldwide. In addition, there is a strong association between
DM and macro- and microvascular complications, with an emphasis
on cardiovascular disease [4,5]. Considering the burden of these two
conditions, reliable markers of cardiovascular risk are essential in
medical practice.

Among the new methods available to evaluate cardiovascular
disease risk, assessment of arterial stiffness via pulse wave analysis
(PWA) is increasingly being recognized as a promising approach.
Increased arterial stiffness implies augmented pulse wave velocity
(PWV) throughout the large arteries and premature return from
reflected peripheral waves to the ascending aorta and left ventricle; this

leads to increased cardiac afterload, increased myocardial oxygen
consumption, and left ventricular hypertrophy [6-13]. Hence, arterial
PWA is an important means of assessing arterial stiffness and
cardiovascular risk. Elevations in pulse pressure, PWV, and the
augmentation index are associated with established risk factors for
cardiovascular diseases, including DM, hypertension, older age,
obesity, and dyslipidemia [14-20].

Arterial stiffness can be measured using various methods. The gold
standard is invasive intra-aortic catheter measurement. However, a
new oscillometric method that is both reproducible and non-invasive,
has recently been developed. This method allows measurement of
peripheral and central blood pressure and PWA parameters,
specifically PWV, by transforming the brachial pulse waveform [21].
This new approach can be applied in the outpatient setting and
constitutes a simple and useful tool for primary care units. Validation
studies suggest that the measurements obtained using this new method
are strongly correlated with those of the gold standard method [22-24].

In this study, we performed PWA in individual with isolated
hypertension, isolated DM, and concomitant hypertension and DM.
Our aim was to evaluate the importance of DM and hypertension-
alone and in combination-on arterial pulse wave characteristics and to
compare groups of patients with these established cardiovascular risk
factors, so as to determine the usefulness of the oscillometric method
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in identifying early pathologic changes in individuals affected by these
extremely prevalent conditions.

Materials and Methods

Study population
This study analyzed the data of 110 individuals managed at the

academic hypertension and diabetes outpatient service of the Federal
University of Triangulo Mineiro, located in Uberaba, Minas Gerais
State, Brazil between June 2016 and May 2017. These individuals were
divided into three groups: Hypertensive (40 patients), hypertensive–
diabetic (40 patients), and diabetic (30 patients). Patients attending
regular follow-up at the outpatient service for management of
hypertension and/or DM were included. The exclusion criteria were
age<18 years, underlying conditions requiring recent hospitalization,
heart failure (functional class III or IV of the New York Heart
Association), and end-stage kidney disease. All individuals underwent
clinical examination.

The study protocol followed the principles of the Declaration of
Helsinki and was approved by the institutional ethics committee
(protocol number CAAE 57300816.6.0000.5154). Written informed
consent was obtained from all participants.

Clinical data
All individuals answered questions pertaining to personal and

clinical data. Patients underwent conventional sphygmomanometer
arterial blood pressure measurement according to the Brazilian
Hypertension Society guidelines; the diagnosis of hypertension was
based on these guidelines [25]. DM was diagnosed according to the
recommendations of the American Diabetes Association [26]. We did
not select specific subgroup of diabetic patients.

Pulse wave analysis
In an appropriate room and after a rest period of at least 30 min, we

performed PWA using the oscillometric method; the device used also
measures peripheral and central blood pressures. The device-the
Mobil-O-Graph® PWA-EMI GmbH (Stolberg, Germany)-is a
commercially available brachial oscillometric ambulatory blood
pressure monitor that has been validated according to European
Society of Hypertension recommendations [27,28]. To perform the
measurements, a common cuff was centered on the left upper arm; cuff
size was chosen according to the circumference of the mid upper arm.
The generation of central aortic blood pressure curves from brachial
pulse waves was based on a previously published algorithm that
integrates arterial impedance and aortic hemodynamic into a
mathematical model [23,29]. Four consecutive measurements were
taken every 2 min, in accordance with the general recommendations
for clinical studies [11,30-32].

Statistical analysis
Data were entered Microsoft Excel software and were analyzed

using GraphPad Prism software, version 7.00 for Windows (GraphPad
Software, La Jolla California USA, www.graphpad.com). All results are
expressed as the mean ± standard deviation. Student’s t-test and
Wilcoxon’s signed rank test were used to compare continuous variables
between groups. Pearson correlation coefficients were calculated to

evaluate the degree of association between variables. p-values<0.05
were considered indicative of statistical significance.

Result
The mean age of the study population was 61.3 ± 1.2 years and

42.7% of participants were men. The mean body mass index was 29.3 ±
2.9 (Table 1).

Characteristic
With
diabetes
(n=30)

With
hypertension
(n=40)

With
hypertension
and diabetes
(n=40)

Female sex, n (%) 17 (56.6) 25 (62.5) 26 (65)

Age (years), mean ± SD 59.7 ± 9.1 60.1 ± 9.8 62 ± 7.8

Body mass index (kg/m2),
mean ± SD 25.8 ± 3.4 30.9 ± 5.45 30.8 ± 4.6

Table 1: Characteristics of the study population.

The hypertensive–diabetic group had the highest mean PWV and
peripheral and central systolic arterial pressure values. There were
significant differences in systolic peripheral and central pressures and
pulse pressures between the hypertensive–diabetic group and the other
two groups (p<0.05) (Table 2).

PWA parameter With
hypertension

With
hypertension
and diabetes

With diabetes

Age (years) 60 ± 12 62 ± 11 62 ± 11

Body mass index (kg/m2) 31.0 ± 7.4 31.0 ± 5.8 26.0 ± 4.8

Augmentation index 29 ± 13 30 ± 11 30 ± 11

Reflection index 67.0 ± 7.0 64.0 ± 6.4 65.0 ± 5.3

Pulse wave velocity 8.9 ± 2.2 9.6 ± 1.7 9.3 ± 1.6

Peripheral systolic
pressure 139 ± 20 150 ± 23 138 ± 13

Peripheral diastolic
pressure 85 ± 13 90 ± 17 85 ± 8.5

Peripheral pulse pressure 54 ± 14 60 ± 25 52 ± 10

Central systolic pressure 129 ± 19 136 ± 22 127 ± 11

Central diastolic pressure 87.0 ± 13.0 92.0 ± 18.0 87.0 ± 8.8

Central pulse pressure 43.0 ± 13.0 44.0 ± 12.0 40.0 ± 7.8

Data are presented as the mean ± standard deviation.
p value for peripheral systolic pressure: 0.003-with hypertension and diabetes
vs. with hypertension and with hypertension and diabetes vs. with diabetes.
p value for central systolic pressure: 0.0095-with hypertension and diabetes vs.
with diabetes and 0.036-with hypertension and diabetes vs. with hypertension.
p value for pulse wave velocity: Non-significant for all groups.

Table 2: Pulse wave analysis (PWA) parameters.

Figure 1 illustrates the correlations in the analyzed parameters
between the hypertensive and diabetic groups; strong correlations were
observed (p<0.0001).
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Figure 1: Correlations in the analyzed parameters between the hypertensive and diabetic groups.

Discussion
The results of this study illustrate the association between arterial

stiffness assessed by PWA and two important diseases: hypertension
and diabetes. These diseases are highly prevalent, and their
pathophysiologic mechanisms compromise arterial properties. The
early identification of vascular alterations, therefore, may be an
extremely useful approach in the context of preventive medicine
[1,2,6,8]. Large-scale diagnostic tools that are inexpensive and capable
of identifying morbid conditions at an early stage, are crucial in
providing quality healthcare. The oscillometric method of obtaining
pulse wave parameters is of great value in this sense and has the benefit
of being applicable in outpatient settings. The results of the present
study are consistent with the current evidence on this topic [19,20,22].

Our study presented an interesting statistical evaluation of the
correlation of pulse wave parameters between the isolated hypertensive
and isolated diabetic groups-strong correlations were observed for all
parameters analyzed (age; peripheral, central and pulse pressure; PWV;
and the augmentation index), with a Pearson coefficient of 1. These
data suggest that there is a degree of equivalence in the harmful
vascular effects exerted by DM and hypertension. Many mechanisms
could be involved in the process of arterial impairment, including
systemic inflammation, local mechanical injury, and vessel
remodelling; however, the mechanisms have not been fully elucidated,
and more studies are needed on this topic [2,10].

Another relevant aspect of our study was the evaluation of a group
of patients with concomitant hypertension and DM. In the PWA, this
group had the highest PWV, although the difference was not
statistically significant; the peripheral and central systolic pressures

were, though, significantly higher than those in the other two groups.
These results are consistent with the findings of previous studies. These
data illustrate the importance of assessing cardiovascular risk factors in
individual’s hypertension and/or DM.

Our study has some limitations. The study population was small and
in addition, there was no distinction between patients in terms of the
time from diagnosis of hypertension and/or DM. Future studies could
assess the association between arterial PWA and evaluation by means
of diagnostic tools already well established in medical practice, such as
echocardiography, coronary computed tomography angiography, and
glycosylated haemoglobin measurement. As well as the study of pulse
wave parameters in subgroups of hypertensive and diabetic patients
with declared target organ damage, especially at the renal level.
Moreover, evaluation of arterial stiffness via pulse wave form
components requires further research to support the routine use of this
approach. Such studies may provide important evidence for the use of
this cardiovascular risk marker.

Conclusion
Patients with overlapping cardiovascular risk factors (DM and

hypertension) had the highest PWV and peripheral and central arterial
pressure values. Hypertension and DM as isolated conditions were
equivalent in altering the arterial PWA parameters.
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