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Hypertension, affecting a third of the world’s population is associated with many vascular 
changes in blood vessels, which include rise of peripheral resistance and arterial stiffness. 
As there are very few studies done on Indian hypertensive women, this project was taken 
up to determine the prevalence of arterial stiffness in them. In this study, arterial stiff-
ness is determined by assessing the carotid–femoral pulse wave velocity (C-F PWV). Fifty 
hypertensive female subjects between the ages 25 and 75 years were selected as subjects 
after informing the procedure and taking their consent. PWV was obtained from blood 
(BP) and electrocardiogram (ECG) recordings. They showed that subjects belonged to  
3 categories depending on the level of their blood pressure—normal, grade I, and grade II 
hypertensives. PWV increased progressively with level of hypertension (p values = 0.0171 
and <0.0001, which are significant for hypertensives having current BP equal to grade I 
and II hypertension, respectively). Vascular remodeling leading to loss of elasticity and 
impaired relaxation is believed to play a key role in development of arterial stiffness and 
subsequent rise of PWV in hypertensives. Arterial stiffness causes vascular dysfunction 
and is known to be an independent risk factor for many cardiovascular diseases like ven-
tricular remodeling, diastolic dysfunction, myocardial infarction, and so forth. Control of 
Blood Pressure and its sequelae by dietary interventions and regular exercise is advisable.
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Introduction
Hypertension is major public health problem globally with 
nearly 30% of the population being affected. Chronic hyper-
tension produces anatomical changes to the aorta’s tunica 
media which progressively increases arterial stiffness. This 
reduces aortic compliance and increases myocardial work 
and induces changes in the arterial pulse pressure and veloc-
ity. Arterial stiffness is linked to hypertension and is a better 
predictor of future cardiovascular events when compared 
with sphygmomanometry.1

Vascular function is regulated by endothelium and any 
dysfunction of the blood vessel occurs due to endothelial 

damage or dysfunction, decrease in elastic properties of the 
arteries, or increase in total peripheral resistance.2,3 Vascular 
dysfunction is the inability of the artery to dilate sufficiently 
in response to an appropriate endothelial stimulus and char-
acterized by microvascular remodeling, decreased viscoelas-
tic properties of the arteries, and arterioles and abnormal 
total peripheral resistance (TPR).3,4 Arterial stiffness is of the 
major contributory factors to multiple cardiovascular dis-
eases like left ventricular hypertrophy (LVH), left ventricular 
failure (LVF), aneurysms, myocardial ischemia (MI), strokes, 
and ultimately death.

One of the best measures of arterial stiffness is the pulse 
wave velocity (PWV).1,5 The volume of blood ejected into the 
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aorta during the systole generates a pulse wave, circulating 
through the arterial system with a certain velocity; this is 
called PWV. It can be measured noninvasively.4 It is the dif-
ference between two recording sites in the line of pulse trav-
el and the delay between corresponding points on the wave 
(of pressure or of flow) which are not influenced by wave 
reflection. The wave front or initial upstroke is the usual 
point of reference in the two waveforms. Manifestations of 
arterial stiffness are seen as characteristic alterations in the 
arterial pressure waves.1,6

Carotid–femoral pulse wave velocity (CF-PWV) is rec-
ognized as the gold standard for the arterial stiffness 
assessment.7,8

Aim of the Study
1.	 To determine arterial stiffness in hypertensive women by 

means of PWV measurement.
2.	 To assess any association between pulse wave velocities 

and degree of rise of blood pressure.

Materials and Methods
50 women between the ages of 25 and 75 years visiting the 
outpatient department of General Medicine for treatment of 
hypertension.

Method
Clearance for this study was given by the institutional ethics 
committee of Employees’ State Insurance Corporation Medi-
cal College, Sanathnagar, Hyderabad, India. Written consent 
was obtained from the test subjects. A patient information 
sheet was prepared to note personal details, like name, age, 
sex, address, occupation, and also about duration of hyper-
tension (HTN); medication or any other intervention being 
done was also noted.

After taking the details from the subject, tests were con-
ducted on diabetes risk profiler, manufactured by Genesis 
Medical Systems Pvt. Ltd. (product name: NeuCaRe_Pro; 
serial no. NCRP/041601; date of manufacture: July 21, 
2016; Hyderabad, India). It is an equipment which can 
do comprehensive testing of multiple physiological func-
tions of the body like cardiovascular testing, autonom-
ic function tests, nerve conduction in peripheral nerves,  
and pulmonary function tests. For this study, only cardio-
vascular component was selected which included the fol-
lowing tests:

1.	 Recording of blood pressure (BP) from both upper and 
lower limbs was obtained bilaterally.

2.	 Electrocardiogram (ECG) recording was simultaneously 
done.

Based on the parameters stated earlier, PWV was obtained.
Timeframe: 1 month.
Study design: Cross-sectional study.

Inclusion and Exclusion Criteria
Only females, between 25 and 75 years of age, having 
hypertension.

Exclusion Criteria

1.	 Males.
2.	 Females younger than 25 years and older than 75 years.
3.	 Having any associated risk factors, for example, smoking.
4.	 Having any other chronic diseases or undergoing treat-

ment for the same. For example, diabetes mellitus, hypo-
thyroidism, anemia, and so forth.

5.	 Taking any other drugs which may influence the blood 
pressure, for example, oral contraceptives.

6.	 Having undergone any major surgery in the past 
6 months.

Statistical Analysis
Data was entered in Microsoft Excel and graphs were drawn 
using Microsoft Excel and Microsoft Word.

Student t-test (Unpaired t-test) was performed using 
GraphPad Instat Software. A p value of ≤0.05 was considered 
significant.

Subjects were divided into 3 groups based on the current 
levels of their blood pressure9,10 (►Table 1), as measured on 
the day of the test in the outpatient department.

1.	 Subjects having normal values of blood pressure.
2.	 Subjects exhibiting values of grade I hypertension.
3.	 Subjects exhibiting values of grade II hypertension.

Classification of Hypertension
Observation and Results
For this study, the normal group includes blood pressures 
<130 mm Hg systolic (SBP) and <80 mm Hg diastolic blood 
pressure (DBP).9,10

Analysis of data was done using GraphPad Instat software. 
Unpaired student t-test was performed.

On comparison between the normotensive group and 
grade I HTN group, a p value of 0.0171 was obtained, which is 
significant (►Table 2 and ►Fig. 1).

When comparing normotensive group with grade II HTN 
group, p value of <0.0001 was obtained, which is extremely 
significant (►Table 2 and ►Fig. 1).

Table 1   Table showing the classification of hypertension

Grade Values of blood pressure (mm Hg)

Normal <120 systolic and <80 diastolic

Elevated 120–129 systolic and <80 diastolic

Grade I hypertension Systolic: 130–139
Diastolic: 80–89

Grade II hypertension Systolic: >140
Diastolic: >90
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Discussion
Hypertension, one of the leading causes of morbidity and 
mortality,11 is a major public health problem and a known 
independent risk factor for cardiovascular diseases.12 One 
of the changes in hypertension is increase in arterial stiff-
ness which causes vascular dysfunction. Pulse wave veloc-
ity (PWV), one of the important parameters to determine 
the presence of arterial stiffness, is used in this study. Only 
females were selected as subjects as there weren’t many 
studies done on Indian women to determine the association 
of arterial stiffness with hypertension.

Fifty hypertensive females between the ages of 34 and 
68 years were taken as subjects, with mean age being 
51.73 years. Personal information and written consent was 
obtained from all the subjects. After making them rest for 5 
to 10 minutes, PWV was estimated on diabetes risk profiler. 
Diabetes risk profiler is a comprehensive testing equipment 
which with its associated software can do multiple tests 
simultaneously, one of which is assessing various vascular 
parameters. BP can be recorded noninvasively in all four limbs 
at the same time along with ECG. Based on the above param-
eters recorded, PWV and arterial stiffness in major vessels of 
all four limbs is automatically given by the software.

Data was entered into Microsoft Excel sheet and Statistical 
Analysis was done using student unpaired t-test. A p value of 
<0.05 was considered significant.

Even though all subjects were under antihypertensive 
medications, varied range of blood pressures were record-
ed in them. Hence, the subjects were divided into 3 groups, 
based on their current blood pressures (►Table 1):

1.	 Twenty-two subjects having normal blood pressure, hav-
ing a mean duration of hypertension of 5.8 years.

2.	 Thirteen subjects having blood pressures correlating with 
grade I hypertension, having a mean duration of hyper-
tension of 7.4 years.

3.	 Fifteen subjects having blood pressures correlating with 
grade II hypertension, having a mean duration of hyper-
tension of 5.25 years.

Average of mean arterial pressure of each group was cal-
culated. Mean of PWV in each group was also estimated. 
Presence of any correlation between the two was assessed. 
It was observed that although C-F PWV increased with pres-
ence of hypertension in this study, which is similar to previ-
ous studies,13 degree of rise in this study was associated with 
grade of hypertension, more specifically the current values 
(►Table 2 and ►Fig. 1).

Although all subjects were under treatment with standard 
dosages of antihypertensive medications—both telmisartan, 
an angiotensin receptor blocker, and amlodipine, a calcium 
channel blocker, were prescribed concurrently; they showed 
varying levels of blood pressures when assessed at the time of 
the test. Hypertensives having higher levels of current blood 
pressure (corresponding to grade I and grade II hypertension 
values) had significantly high PWV when compared with 
hypertensives having normal blood pressure, with a p value 
of 0.0171 and <0.0001, respectively (►Table 2 and ►Fig. 1).

In this study, the duration of hypertension appears to be 
playing no significant role in degree of rise of PWV. Subjects 
with raised blood pressures were advised to get further man-
agement from the Department of General Medicine.

Previous studies indicate that vascular changes occur-
ring in hypertension are similar to changes that occur 
with aging. Aging by itself causes vascular remodeling. In 
the additional presence of hypertension, these changes get 
enhanced and occur in an accelerated manner. Microscop-
ic changes include the presence of endothelial cell damage, 
inflammation, increased proliferation of vascular smooth 
muscle, increased deposition of extracellular matrix, fibro-
sis, and calcification, which ultimately lead to increase in 
stiffness of vascular wall.14 All the changes stated earlier 
lead to mechanical and functional changes like reduced dis-
tensibility and elasticity of the vessel wall. Arterial stiffness 
increases and compliance decreases. Part of this stiffening is 
also associated with elastin fiber fragmentation in the arte-
rial vessel wall.14

Table 2   Table showing mean duration of hypertension (HTN), mean values of blood pressure, and carotid–femoral pulse wave 
velocity (C-F PWV)

Grade of HTN (n = 50) Mean duration of 
hypertension

Mean values of the blood 
pressure

C-F PWV (cm/sec)
Mean ± SD

Normal (n = 22) 5.8 y 124/76 mm Hg 1127.61 ± 64.70

Grade I HTN (n = 13) 7.4 y 134/89 mm Hg 1421.41 ± 278.07

Grade II HTN (n = 15) 5.25 y 156/92 mm Hg 1497.84 ± 86.26

Fig. 1  Graph showing the comparison of pulse wave velocity in hy-
pertensives having varying levels of blood pressure.



311Arterial Stiffness as a Measure of Vascular Dysfunction  Nethi et al.

Indian Journal of Cardiovascular Disease in Women WINCARS  Vol. 5  No. 4/2020  © 2020 Women in Cardiology and Related Sciences.

A group of enzymes from the zinc dependent endopep-
tidase family are responsible for elastin degradation. These 
enzymes are known as matrix metalloproteinases (MMP). Spe-
cifically, MMP-2 and MMP-9 levels are found to be increased 
in the vessel wall which is showing age-related changes.15

Other than elastin, collagen fibers also undergo structural 
changes in the vessel wall. Cross linking of collagen fibers by 
advanced glycation end products (AGEs) is associated with 
arterial stiffness. Although the popular notion is that AGEs are 
associated with diabetes mellitus, it has been observed that 
AGEs can be present in the body at high levels even in nondi-
abetics, which predisposes to tissue injury and consumes the 
antioxidant reserves in the body. Studies comparing diabetics 
taking high AGE meal with low AGE meal, showed increase 
of endothelial dysfunction with increasing AGE quantity.16 
In fact, it was found that hypertensives have higher AGE lev-
els than normotensives.17 In an animal study, suppression of 
AGEs by aminoguanidine prevents arterial stiffening without 
alterations in collagen or elastin content.18 An Interventional 
study was done in hypertensive patients by Kass et al, where 
they were prescribed ALT-711, a nonenzymatic breaker of 
collagen cross-links, resulted in a significant reduction in 
PWV and systolic blood pressure in comparison to placebo 
without any difference in mean arterial pressure (MAP).19

Another possible mechanism contributing to arterial stiff-
ness is impaired production of nitric oxide (NO) by the endo-
thelium, hence relaxation of the vessel wall is impaired. It 
has been observed that decrease in production of NO occurs 
with age, but this occurs at a highly accelerated rate in hyper-
tensives. They also have an additional burden of presence of 
excess oxidative stress.2

As evinced by the study done by Stewart et.al, In-vivo arte-
rial stiffness is increased by an acute rise in blood pressure.20 
Hence, reduction of blood pressure should theoretically 
reduce arterial stiffness. But in those hypertensives in whom 
vascular remodeling and structural changes have already set 
in, reducing the effect of the hypertensive risk factor won’t 
reverse the physical changes, that is, arterial stiffness persists. 
In fact, sustained hypertension may also accelerate structur-
al changes to the arterial wall.21 In such hypertensives blood 
pressure reduction is not associated with any significant 
decrease in arterial stiffness.12 This could be the reason why 
some of the subjects of this study have higher PWV even 
when having normal blood pressure. Failure to reduce PWV 
with antihypertensive therapy is therefore a significant pre-
dictor of cardiovascular morbidity and mortality.22

PWV has more of a prognostic significance in addition to 
diagnosing arterial wall stiffness.23 In such individuals, only 
reduction of blood pressure will not reduce their risk for sub-
sequent cardiovascular events leading to increased morbidity 
and mortality. Rise of PWV is associated with left ventricular 
diastolic dysfunction,4 left ventricular hypertrophy,12 
increased myocardial work load,6 increased myocardial oxy-
gen demand6 but decreased coronary perfusion of the heart.6
Interventions targeting modifiable risk factors should be 
done. A low salt diet, increased intake of antioxidant rich 
food, and more intake of soy isoflavones24-27 and omega-3 

fatty acids24,28 is most likely to prevent occurrence of hyper-
tension and its complications too. Addition of exercise to 
one’s daily regime will also improve the blood pressure levels 
and PWV,24,29,30 as observed by previous studies.

Even if the vascular damage cannot be reversed, further 
deterioration can be prevented and cardiovascular risk can 
be brought down significantly.

Limitations of the Study
Some limitations of this study are as follows:

1.	 Due to time constraints, a larger sample size could not be 
taken.

2.	 Testing of the molecular mechanisms responsible for ar-
terial stiffness is beyond the scope of this study. It should 
be noted that the mechanisms mentioned earlier are well 
established by multiple studies.
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