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Abstract
Background: Arterial stiﬀness has been considered an independent predictor of
cardiovascular disease in addition to the traditionally known cardiovascular risk factors.
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Objectives: This study aimed to investigate the associations between arterial stiﬀness with
left ventricular mass index and carotid intima-media thickness in the hypertensives.
Methods: A descriptive cross-sectional study compared a control group in 210 study
subjects (105 hypertensives and 105 normotensives). Measuring left ventricular mass index by
echocardiography and carotid intima-media thickness by carotid doppler ultrasonography. Pulse
wave velocity was measured using the Agedio B900 device and the Agedio K520 application.
The manual method was measured by the ankle-brachial index.
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Results: There was a statistically signiﬁcant positive correlation between pulse wave velocity
and age (r = 0.922, p < 0.001). The ankle-brachial index had a statistically signiﬁcant positive
correlation at a weak level with left ventricular mass index and carotid intima-media thickness,
in which the coeﬃcient r was equal to 0.219 (p < 0.05) and 0.250 (p < 0,001), respectively.
Pulse wave velocity also had a statistically signiﬁcant positive correlation at a weak level with left
ventricular mass index and carotid intima-media thickness, in which the coeﬃcient r was equal to
0.188 (p < 0.05) and 0.289 (p < 0,001), respectively. Pulse wave velocity had a multivariable linear
correlation with gender, pulse, mean blood pressure, and ankle-brachial index with statistical
signiﬁcance; and they were written in the form of the following equation: Pulse wave velocity
(R2: 41.3%) = 0.641*(Gender) – 0.027*(Pulse) + 0.043*(Mean blood pressure) + 8.378*(Anklebrachial index) – 3.254.
Conclusion: Arterial stiﬀness was statistically correlated with left ventricular mass index
and carotid intima-media thickness in the hypertensives. Through the above research results,
we suggest that the hypertensives should be combined with the evaluation of hemodynamic
parameters and arterial stiﬀness for contributing to the diagnosis and detection of cardiovascular
complications, thereby improving the quality of monitoring and treatment in hypertensive patients.

Introduction
Hypertension is the most common cardiovascular
disease, known as the silent killer. Hypertension is increasing
worldwide. According to the results of May Measure Month by
the International Society of Hypertension in 2019 conducted
on 1,508,130 people ≥ 18 years old, the global rate of
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hypertension was 34%; however, only 58.7% of patients were
aware. On the other hand, up to 32% of the subjects had never
had their blood pressure checked before [1]. As reported by
the National Health and Nutrition Examination Survey from
2011 to 2014, although 84.1% of patients were aware and
76% of patients were being treated, only 54% of patientscontrolled blood pressure < 140/90 mmHg [2]. According
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to the World Health Organization in 2014, the prevalence of
hypertension in people over 18 years old was highest in Africa
with nearly 30% and lowest in America with 18%; some
other regions were as follows: Eastern Mediterranean (27%),
Europe (23%), East and South Asia (24%), and Western
Paci ic (19%) [3].
Hypertension is one of the risk factors leading to plaque
formation and progression to heart failure, coronary heart
disease, stroke, etc [4]. Currently, cardiovascular associations
worldwide have still recommended treatment goals for
hypertension based on peripheral blood pressure because of
its simplicity and ease of application in clinical practice [5,6].
Alternatively, arterial stiffness has been recently considered
an independent predictor of cardiovascular disease in addition
to the traditionally known cardiovascular risk factors [7-9].
We conducted the study to investigate the associations
between arterial stiffness with the left ventricular mass index
(LVMI) and carotid intima-media thickness (CIMT) in the
hypertensives.

Materials and methods
Study design
A cross-sectional descriptive study comparing the control
group was conducted between July 2018 and July 2020 at Hue
University of Medicine and Pharmacy Hospital, located in the
Thua Thien Hue province, Vietnam.
Sample size and sampling
The consecutively convenient sampling technique was
used to recruit patients from the Cardiovascular department.
Data of 210 patients aged 40 years or above (including 105
hypertensives and 105 normotensives) were collected.
Data collection procedure
The doctors who were utilized as interviewers were
trained in data collection by a senior researcher. A four-hour
training session took place on the hospital campus. A weekly
meeting was conducted in order to improve the quality of the
data collected.
Patients visiting the Department of Internal Medicine, Hue
University of Medicine, and Pharmacy Hospital were recruited
for this study. The people selected were those who were
aged 18 and above, did not have any emergency conditions
or any mental health problems, and were able to listen and
understand the local language or dialect. Patients who met the
above criteria were divided into two groups: hypertensives
and normotensives. Normotensive is de ined as systolic blood
pressure < 140 mmHg, diastolic blood pressure < 90 mmHg, or
not on antihypertensive medication. Hypertensive is de ined
as systolic blood pressure ≥ 140 mmHg, diastolic blood
pressure ≥ 90 mmHg, or antihypertensive medication [5].
Informed consent was achieved from all participants before
https://doi.org/10.29328/journal.jccm.1001131

taking the survey. After obtaining the consent form from
each participant, a face-to-face interview and examination
were conducted by the well-trained doctors using printed
questionnaires.
Measurements
Personal characteristics: The following variables were
also assessed: age, some risk factors for cardiovascular
diseases such as smoking, diabetes, dyslipidemia, obesity,
values of pulse, blood pressure parameters, lipid pro ile, and
blood glucose level.
Left Ventricular Mass Index (LVMI): Using Philips
Af initi 70 Echocardiogram to perform M mode ultrasound
to measure the following parameters: Left Ventricular End
Diastolic Dimension (LVEDd), Left ventricular posterior wall
diastolic (LVPWd), Interventricular Septal Diastolic (IVSd),
from which LVMI was calculated according to the following
formula:
LVMI (g/m2) = LVM (g) / BSA (m2)
where: LVM (g) = 0,8 x {1,04 x [(LVEDd + LVPWd + IVSd)3
– (LVEDd)3]} + 0,6;
BSA is the body surface area, calculated using patient’s
weight and height;
LVMI > 95 g/m2 (female) or > 115 g/m2 (male) is de ined
as abnormal [10].
Carotid Intima-Media Thickness (CIMT): We determined
the presence of atherosclerotic plaque by showing minimal
plaque on both transverse and axial planes. The criteria for
diagnosing atherosclerotic plaque are focal thickening of the
arterial wall at least 50% of the medial intima – surrounding
intima or focal thickening of the medial – medial coat more
than 1.5 mm convex into the vascular side.
CIMT > 0.9 mm or atherosclerotic plaque is de ined as
abnormal [11].
Pulse Wave Velocity (PWV): We used the Agedio B900
device, version 1.3 (Germany), and the Agedio K520 application
to analyze the results obtained from the Agedio B900 device
via Bluetooth connection. Regulations for patients before and
during measurement were similar to brachial blood pressure
measurement.
Step 1: Open the Agedio K520 application and enter patient
information.
Step 2: Wear the cuff that its the patient’s wrist.
Step 3: Start the Agedio B900 and follow the measurement
instructions.
Step 4: Finish and read the result.
High PWV is de ined as more than or equal to 10 m/s [6].
www.cardiologymedjournal.com
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Ankle–Brachial Index (ABI): The manual ABI was
performed by measuring the systolic blood pressure from
brachial and ankle arteries. An ABI was calculated for each leg.
The ABI value was determined by taking the higher pressure
of the two arteries at the ankle, divided by the higher of the
two brachial arterial systolic pressure. The higher ABI of the
two-leg would be chosen for this research. ABI higher than 1.4
is de ined as arterial stiffness [12].

Correlation between pulse wave velocity with age

Ethical approval

There was a statistically signi icant positive correlation
at a weak level between ABI with LVMI and CIMT, in which
the coef icient r was equal to 0.219 (p < 0.05) and 0.250
(p < 0,001) respectively (Table 2). Also, PWV had also a
statistically signi icant positive correlation at a weak level
with LVMI and CIMT, in which the coef icient r was equal to
0.188 (p < 0.05) and 0.289 (p < 0,001) respectively (Table 2).

This study was approved by the Ethical Review Committee
of Hue University of Medicine and Pharmacy, Vietnam (IRB no.
H2018/374). All participants were asked for their permission
and signed consent forms before their participation.
Statistical analysis
Data were analyzed using the SPSS Version 20.0. The
signi icance level was set at a p - value < 0.05. Using the Chisquare test on independence to ind out the relationship
between qualitative variables, the Chi-square test on
homogeneity to compare two ratios. Using independent
t-test, Mann-Whitney U test to compare two mean values. We
checked the correlation between quantitative variables using
Spearman correlation coef icients. The correlation coef icient
r has a value from -1 to +1. Multivariable linear regression
model: y = a + β1*x1 + β2*x2 +…+ βi*xi + e.

Figure 1 showed that there was a statistically signi icant
positive correlation with a very strong level between pulse
wave velocity and age (r = 0.922, p < 0.001).
Correlation between arterial stiﬀness index with left
ventricular mass index and carotid intima-media
thickness

Multivariate correlation of pulse wave velocity
This model did not have multicollinearity, adjusted R2 was
41.3%. All predictor variables were statistically signi icant
(p < 0.05). The optimal model to predict left ventricular mass
index was as follows: PWV = 0.641*(Gender) – 0.027*(Pulse) +
0.043*(Mean blood pressure) + 8.378*(ABI) – 3.254 (Table 3).
PWV - Age

PWV (m/s)

Results
Patients’ characteristics
There were statistically signi icant age differences; the
percentage of risk factors such as smoking, diabetes; ABI;
PWV; LVMI, and CIMT between the two groups normotensives
and hypertensives. Mean values of pulse, blood pressure, lipid
pro ile, and blood glucose level of the two groups were also
described in Table 1.
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Figure 1: Correlation between pulse wave velocity with age. Abbreviation: PWV:
Pulse Wave Velocity.

Table 1: Characteristics of patients (N = 210).
Variables

Normotensives (N = 105)

Hypertensives (N = 105)

Age*

65.07 ± 12.80

70.49 ± 11.31

p - value
< 0.05

Smoking (in %)

21.9

46.7

< 0.05

Diabetes (in %)

5.7

24.8

< 0.05

Dyslipidemia (in %)

48.9

51.1

> 0.05

Obesity (in %)

14.3

17.1

> 0.05

Pulse (beat/min)*

70.35 ± 9.17

75.67 ± 11.36

-

Systolic blood pressure (mmHg)*

116.90 ± 7.55

153.51 ± 12.51

-

Diastolic blood pressure (mmHg)*

74.51 ± 3.35

96.13 ± 7.82

-

Mean blood pressure (mmHg)*

88.64 ± 3.79

115.28 ± 8.01

-

Total Cholesterol (mmol/L)**

5.04 (4.53 – 5.82)

4.99 (3.98 – 5.75)

> 0.05

Triglyceride (mmol/L)**

1.56 (1.08 – 2.61)

1.76 (1.17 – 2.28)

> 0.05

HDL-Cholesterol (mmol/L)**

1.21 (1.00 – 1.41)

1.16 (1.01 – 1.45)

> 0.05

LDL-Cholesterol (mmol/L)**

3.46 (2.91 – 4.31)

3.46 (2.28 – 3.89)

> 0.05

Blood Glucose (mmol/L)**

5.65 (5.22 – 7.23)

6.39 (5.34 – 8.15)

> 0.05

ABI*

1.16 ± 0.10

1.24 ± 0.15

< 0.001

PWV (m/s)

9.21 ± 1.99

11.12 ± 2.14

< 0.001

LVMI (g/m2)

93.19 ± 21.96

119.15 ± 22.82

< 0.001

CIMT (mm)

0.94 ± 0.24

1.09 ± 0.26

< 0.001

Note: * Mean ± SD, ** Median (P25 – P75).
Abbreviation: ABI: Ankle-Brachial Index; PWV: Pulse Wave Velocity; LVMI: Left Ventricular Mass Index; CIMT: Carotid Intima-Media Thickness.
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Table 2: Correlation between arterial stiﬀness index with left ventricular mass index
and carotid intima-media thickness.
LVMI (g/m2)

CIMT (mm)

r

p - value

r

p - value

ABI

0.219

< 0.05

0.250

< 0.001

PWV (m/s)

0.188

< 0.05

0.289

< 0.001

Abbreviation: ABI: Ankle-Brachial Index; PWV: Pulse Wave Velocity; LVMI: Left
Ventricular Mass Index; CIMT: Carotid Intima-Media Thickness.
Table 3: Multivariate correlation of left ventricular mass index.
Variables

Beta

SD

CI 95%

p - value

Constant

-3.254

1.486

-6.184 – -0.324

<0.05

Gender

0.641

0.243

0.163 – 1.120

<0.05

Pulse

-0.027

0.012

-0.050 – -0.003

<0.05

Mean blood pressure

0.043

0.009

0.025 – 0.061

<0.001

ABI

8.378

0.998

6.411 – 10.346

<0.001

R2

41.3%

Abbreviation: ABI: Ankle-Brachial Index; SD: Standard Deviation; CI: Conﬁdence
Interval

Discussion
When blood is ejected into the aorta, a wave is generated
and propagates along the arterial tree. Pulse wave velocity is
the velocity of that wave propagation; It depends on these two
factors: (i) the movement of blood along the axis of the vessel
and (ii) the transverse movement of the vessel wall, meaning
the stiffness of the vessel. The greater the vascular resistance
is, the less time it takes for the wave to propagate horizontally,
and thus, the higher the pulse wave velocity is [13]. This
explains why pulse wave velocity is strongly correlated with
age. Rosaria Del Giorno et al. (2020) researched 1162 subjects
≥ 18 years old to compare two methods of measuring pulse
wave velocity, tonometry, and oscillometry; the results
showed that pulse wave velocity measured at the clinic by
oscillometry method, similar to the method in our study,
had a very strong positive correlation with age., r = 0.916,
p ≤ 0.001), the same our results [14].
Intima media thickness is considered a parameter of
structural change in atherosclerosis. In young people with
elastic arteries, the re lected wave reaches the heart during
diastole, raising the diastolic pressure and improving
coronary perfusion. However, in the stiff arteries, pulse
wave velocity increases; thus, that wave reaches the heart
during systole, leading to increased systolic blood pressure,
decreased diastolic blood pressure, and promoted vascular
remodeling by excessive collagen production increase intimamedia thickness [13]. Research by Jing Tian, et al. (2017)
was conducted on 545 subjects to evaluate the correlation
between brachial-ankle pulse wave velocity and carotid
intima-media thickness in middle-aged people and elders. The
results showed that brachial-ankle pulse wave velocity had a
statistically signi icant positive correlation with the carotid
intima-media thickness (r = 0.247, p < 0.0001), similar to our
study. However, the measurement method between the two
studies was different [15].
The left ventricular structure is also impacted by both aging
and hypertension. In the elderly, the left ventricular structure
https://doi.org/10.29328/journal.jccm.1001131

is remodeled with an increase in relative wall thickness and,
along with hypertension, may result in another geometric
remodeling. Thus, arterial stiffness may have differential
in luences on the left ventricular structure concerned with
atherosclerosis [16]. Theodore G. Papaioannou, et al. (2017)
carried out a study on 226 subjects to evaluate the relationship
between arterial elasticity and left ventricular hypertrophy;
they showed that there was a statistically signi icant positive
correlation between carotid-femoral pulse wave velocity and
LVMI (r = 0.268, p < 0.001), which was similar to our study
[17]. However, research by author Shikai Yu, et al. (2018)
was proceeded on 1841 elders to evaluate the association
of ABI with target organ damages of hypertension; showed
that ABI did not correlate with LVMI and CIMT (r = 0.016 and
-0.012, respectively, p > 0.05), which was different from our
study. The reason was the difference in sample size and ABI
characteristics between the two studies [18].
Through the research, we also found a multivariable
correlation between pulse wave velocity and factors such as
gender, pulse, mean blood pressure, and ABI. For example,
Annelise MG Paiva, et al. (2020) evaluated the multivariable
regression model of pulse wave velocity and found that pulse
wave velocity had a multivariable correlation with age, male
gender, and mean blood pressure; these variables were all
statistically signi icant [19]. Similarly, Rosaria Del Giorno,
et al. (2020) also showed that pulse wave velocity had a
multivariable correlation with age, systolic blood pressure,
and heart rate, with statistical signi icance, R2 = 87.8% [14].
Some limitations of our study should be taken into
consideration. One of the most signi icant limitations was
the small sample size, which was insuf icient to represent
all hypertensive patients. Besides, the measurement of pulse
wave velocity, ankle-brachial index, and cardiovascular event
parameters such as LVMI and CIMT did not co-occur, which
may lead to bias in the research results. Another thing that
also needs to be mentioned was that we could not rule out
the in luence of cardiovascular risk factors such as smoking,
obesity, diabetes, dyslipidemia, etc., presenting in study
subjects to the relationship between pulse wave velocity and
cardiovascular events.

Conclusion
Arterial stiffness measured through pulse wave velocity or
ankle-brachial index had a statistically signi icant correlation
with LVMI and CIMT. Through the above research results,
we suggest that the hypertensives should be combined with
the evaluation of hemodynamic parameters and arterial
stiffness for contributing to the diagnosis and detection of
cardiovascular complications, thereby improving the quality
of monitoring and treatment in hypertensive patients.
Limitations
Some limitations of our study should be taken into
www.cardiologymedjournal.com
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consideration. One of the most important limitations was
the small sample size, which was not enough to represent
all hypertensive patients. Besides, the measurement of pulse
wave velocity, ankle-brachial index, and cardiovascular event
parameters such as left ventricular mass index and carotid
intima-media thickness also did not occur at the same time,
which may lead to bias in the research results. Another thing
that also needs to be mentioned was that we could not rule out
the in luence of cardiovascular risk factors such as smoking,
obesity, diabetes, dyslipidemia, etc… presenting in study
subjects to the relationship between pulse wave velocity and
cardiovascular events.
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