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Abstract 
Objectives: To assess the arterial stiffness index (ASI) and pulse wave velocity (PWV) in patients 
with hypertension and to compare with age matched healthy controls; to assess and compare the 
ASI and PWV in relation to the treatment status. Methods: The study was observational-cross sec-
tional. Group one included chronic hypertensive patients on regular treatment for more than 2 
months; group two included newly diagnosed hypertensive patients and group three had age 
matched healthy controls with normal blood pressure. The hypertensives subjects with other 
comormid conditions such as renal disease, diabetes were excluded from the study. The study was 
approved by the Institute Ethics Committee. The subjects were interviewed and explained the 
purpose of the study. All subjects gave written informed consent. The noninvasive periscope de-
vice was used to measure PWV, ASI and pulse pressure. Results: PWV, ASI and pulse pressure were 
statistically higher in hypertensive patients when compared to controls. Further, carotid-femoral 
PWV was correlated with mean arterial pressure in hypertensive subjects and was found to be 
statistically significant. Conclusion: PWV, ASI and pulse pressure are significantly higher in chron-
ic and newly diagnosed non-diabetic hypertensives as compared to controls irrespective of their 
treatment status. 

http://www.scirp.org/journal/pp
http://dx.doi.org/10.4236/pp.2014.54050
http://dx.doi.org/10.4236/pp.2014.54050
http://www.scirp.org/
mailto:ksvtej@gmail.com
mailto:melvingeorge2003@gmail.com
mailto:sureshjalapalli@gmail.com
mailto:sandhiyaselvarajan@gmail.com
mailto:kadhiravan@gmail.com
mailto:swaminathan.rp@jipmer.edu.in
mailto:adithan50@gmail.com
http://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0001-8156-9618


S. Kola et al. 
 

 
414 

Keywords 
Pulse Wave Velocity; Arterial Stiffness Index; Hypertension; Antihypertensives 

 
 

1. Introduction 
Cardiovascular diseases are emerging as one of the leading causes of morbidity and mortality in the Indian pop-
ulation. By 2020, 2.6 million deaths are predicted to be due to coronary heart disease among Indians [1]. The 
major risk factors contributing to cardiovascular diseases include hypertension, diabetes mellitus, smoking, 
hypercholesterolemia and family history of coronary artery disease. Among the various risk factors, hyperten-
sion contributes to nearly 7.1 million premature deaths, two-thirds of all strokes and half of myocardial infarc-
tion every year [2]. The worldwide prevalence of hypertension in 2000 was 26.4% including approximately a 
quarter of the adult population and it is estimated to rise to 29.2% by 2025 [3]. In addition to the occurrence of 
end organ damage, the uncontrolled rise in arterial pressure has been found to be associated with progressive in-
crease in the risk of cardiovascular events [4]. Arterial stiffness, a major contributor of atherosclerosis, has been 
shown to have positive relationship with systolic hypertension, coronary artery disease, stroke and heart failure. 
Further, aortic stiffness has been shown to be an independent predictor of all-cause and cardiovascular mortality 
in hypertensive patients. In the present scenario, arterial stiffness and the ensuing hemodynamic changes are 
recognized as imperative predictors of adverse cardiovascular events. Hence measurement of arterial stiffness 
seems to be a promising tool to assess cardiovascular risk in hypertensive patients [5] [6].  

The various measures of arterial stiffness used as predictors of cardiovascular morbidity and mortality include 
pulse wave velocity (PWV), augmentation index (AI), arterial stiffness index (ASI), pulse pressure (PP) [7]. 
Among these parameters, pulse wave velocity (PWV), pulse pressure (PP) and arterial stiffness index (ASI) 
have established their predictive accuracy in cardiovascular morbidity and mortality [8]-[11]. Pulse wave veloc-
ity and arterial stiffness index as assessed by an instrument termed “periscope” has been shown to be a simple 
measure of arterial stiffness in population studies [12]. In addition, PWV, considered as a gold standard to 
measure the arterial stiffness, has been used to establish the vascular effects of antihypertensive therapy [6] [13]. 
Evidence shows that angiotensin converting enzyme (ACE) inhibitors, angiotensin receptor blockers (ARBs), 
aldosterone receptor antagonists and calcium channel blockers have favorable effect on improving arterial stiff-
ness compared to beta blockers [5] [14]. However, at present there are no guidelines regarding the use of an-
ti-hypertensive drugs to target arterial stiffness. In addition, the benefit of monitoring these vascular parameters 
in hypertensive patients remains unanswered. As there is a need to collect data on the vascular parameters of 
stiffness in hypertensives compared to the healthy subjects, the study was done to measure PWV, ASI and pulse 
pressure in hypertensive patients. The study also aimed to determine the effect of antihypertensive drugs on 
these vascular parameters. 

2. Objectives 
1) To assess the arterial stiffness index and pulse wave velocity in patients with hypertension and to compare 

with age matched healthy controls.  
2) To assess and compare the arterial stiffness index and pulse wave velocity in relation to the treatment status 

of hypertensive patients. 

3. Materials & Methods 
The study was an observational-cross sectional study of three groups with group one of chronic hypertensive pa-
tients on regular treatment for more than 2 months; group two included newly diagnosed hypertensive patients 
and group three comprised of age matched healthy controls with normal blood pressure. 

Eligible patients and healthy controls were recruited from the medicine outpatient department (OPD) after 
obtaining written informed consent. The subjects were interviewed and explained about the purpose of the study. 
All patients were aged 40 - 60 years and belonged to either gender. Chronic hypertensives on drug therapy for at 
least 2 months with systolic blood pressure (SBP) less than 180 mmHg or diastolic blood pressure (DBP) less 
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than 110 mmHg were included in group one. Newly diagnosed hypertensives with SBP in the range of 140 - 180 
mmHg or diastolic blood pressure in range of 90 - 110 mmHg were included in group two. Subjects with blood 
pressure in the normal range were included in group three. Cases and controls with co-morbid medical illness 
such as diabetes, stroke and presence of advanced renal disease (serum creatinine > 2.5 mg/dl) were excluded 
from the study.  

After recording of anthropometric data and brief history, subjects were asked to rest in supine position on a 
couch for five minutes. Care was taken to ensure that subjects did not smoke, or consume food or caffeinated 
beverages two hours prior to the study. The non-invasive periscope device was used to measure PWV, ASI and 
pulse pressure. The recordings were taken by applying pneumatic cuffs around the four limbs and electrocardio-
graph (ECG) electrodes were placed on the chest. A minimum of three readings of PWV, ASI and pulse pres-
sure were taken and the means were calculated. The study was approved by the Institute Ethics Committee, 
JIPMER, Puducherry.  

4. Statistical Analysis 
Sample size (N = 120) was calculated to be forty in each group based on convenience sampling. All categorical 
data (gender, smoking status etc.) were presented as percentages. The data related to vascular parameters of the 
study (PWV, ASI and pulse pressure) were presented as mean ± standard deviation (SD). The categorical data 
between the groups were compared using chi square test. The PWV, ASI and pulse pressure were compared by 
using one way analysis of variance (ANOVA) with post hoc analysis or Kruskal Wallis test whichever was ap-
propriate. Statistical analysis was carried out at 5% level of significance and P value < 0.05 was considered sig-
nificant. Correlation between the parameters of stiffness with mean arterial pressure among hypertensives was 
done using Spearman rank correlation. 

5. Results 
Demographic characteristics including age, gender, body mass index, smoking status and alcoholic status were 
not statistically different among three groups. However, mean blood pressure, systolic blood pressure, diastolic 
blood pressure were significantly higher in hypertensives as compared to control group (Table 1). In the present 
study, PWV, ASI and pulse pressure were found to be statistically higher in hypertensive patients when com-
pared to control group (Table 2). Further, carotid-femoral PWV correlated with mean arterial pressure in hyper-
tensive subjects was found to be statistically significant (r = 0.40). The chronic hypertensive patients were 
grouped based on the drug therapy received. Among the 40 patients in group one, thirteen were on monotherapy 
which included amlodipine and the remaining were on polytherapy that included ACE inhibitors, beta blockers 
and statins. Comparison of vascular parameters between the patients receiving amlodipine monotherapy and po-
lytherapy did not show statistically significant difference (Table 3). 

6. Discussion  
In our study, the vascular parameters namely PWV, ASI and pulse pressure were significantly higher in hyper-
tensive subjects as compared to the controls. These findings were in accordance with a previous study done to 
assess the validity and reproducibility of arterial PWV using oscillometric technique [12]. Emerging data sug-
gests that carotid femoral pulse wave velocity is a gold standard for noninvasive evaluation of aortic stiffness [6]. 
Hence in the present study, carotid femoral PWV was correlated with mean arterial pressure in hypertensives. 
The correlation obtained between carotid femoral pulse wave velocity and mean arterial pressure was also in 
accordance with the previous study which showed higher PWV with higher mean arterial pressure [12]. The 
higher blood pressure observed in hypertensives (Table 1) may be due to lack of adherence to the antihyperten-
sive drugs, which was not ensured objectively as this was a cross sectional study with no follow-ups.  

Chronic hypertensive subjects were on combination of drug therapy and only thirteen patients were on mono-
therapy with amlodipine. Hence comparison was done between amlodipine monotherapy group and polytherapy 
group with reference to vascular parameters obtained. There was no statistical significance between these groups 
inferring that arterial stiffness was equally high in both these sub-groups.  

Aging is well recognized as a risk factor for arterial stiffening [15]. Increased arterial stiffening with aging is 
also associated with raised blood pressure and pulse pressure, thus showing the inter-relation among these pa-
rameters. In our study, the age was not significantly different among the three groups. Nevertheless, PWV, ASI  
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Table 1. Demographic and other characteristics of study subjects.                                                 

Characteristic Chronic hypertensives (N = 40) New hypertensives (N = 40) Controls (N = 40) 

Age (years) 51.5 ± 6.46 50.6 ± 6.32 49.7 ± 6.22 

Gender: Male 22(55%) 27(68%) 26(65%) 

        Female 18(45%) 13(32%) 14(35%) 

Body mass index (kg/m2) 25.1 ± 4.74 25 ± 5.03 23.3 ± 5.29 

Smokers 7(17.5%) 10(25%) 4(10%) 

Alcoholics 8(20%) 14(35%) 7(17.5%) 

Mean blood pressure (mmHg) 102.9 ± 10.83 107.47 ± 11.83 88.0 ± 13.87* 

Mean duration (years) 3.18 ± 4.43 - - 

SBP (mmHg) 142.32 ± 18.61 148.78 ± 17.95 120.95 ± 12.58* 

DBP (mmHg) 83.32 ± 9.16 90.2 ± 7.1 74 ± 8.53* 

Data are presented as mean ± SD and percentages given in parenthesis for categorical data; N = sample size in the group; ANOVA was used for 
comparison of data among the groups; Chi square test used for comparison of gender, smokers and alcoholics among the groups; *P < 0.05. 
 
Table 2. PWV, ASI and pulse pressure among hypertensive and control groups.                                       

Parameter Chronic hypertensives (N = 40) Hypertensives (N = 40) Controls* (N = 40) 

Carotid femoral PWV (cm/s) 1017.48 ± 416.67 1004.69 ± 519.26 704.25 ± 328.45 

Left brachial PWV (cm/s) 1067.63 ± 1521.2 1345.78 ± 834.53 967.04 ± 630.14 

Right brachial PWV (cm/s) 1508.73 ± 575.22 1491.67 ± 625.52 1244.03 ± 530.07 

Right brachial ASI (mmHg) 23.33 ± 12.66 27.74 ± 11.7 20.00 ± 7.37 

Left brachial ASI (mmHg) 27.61 ± 7.61 29.01 ± 11.68 23.83 ± 6.08 

Right ankle ASI (mmHg) 36.32 ± 10.38 35.76 ± 9.57 30.89 ± 11.96 

Left ankle ASI (mmHg) 39.31 ± 8.53 36.99 ± 8.65 31.28 ± 6.81 

Pulse pressure (mmHg) 59.0 ± 15.58 60.95 ± 13.52 47.58 ± 8.45 

PWV: pulse wave velocity; ASI: arterial stiffness index; data are presented as mean ± SD; Kruskal Wallis test was used for comparison of the data; *P 
value < 0.05. 
 
Table 3. Comparison of vascular parameters between the patients receiving amlodipine as monotherapy and along with po-
lytherapy.                                                                                              

Parameter Amlodipine monotherapy (N = 13) Polytherapy (N = 27) 

Carotid-femoral PWV (cm/s) 989.83 ± 460.33 1030.8 ± 402.56 

Left brachial PWV (cm/s) 864.59 ± 1796.0 1165.4 ± 1397.1 

Right brachial PWV (cm/s) 1498.5 ± 693.97 1513 7 ± 523.41 

Right brachial ASI (mmHg) 22.715 ± 14.696 23.626 ± 11.850 

Left brachial ASI (mmHg) 25.731 ± 7.041 27.185 ± 9.638 

Right ankle ASI (mmHg) 36.000 ± 9.410 36.470 ± 10.990 

Left ankle ASI (mmHg) 40.054 ± 7.241 38.948 ± 9.188 

Pulse pressure (mmHg) 57.65 ± 13.17 59.64 ± 16.81 

PWV: pulse wave velocity; ASI: arterial stiffness index; data are presented as mean ± SD; polytherapy group, included patients taking ACE inhibitors, 
beta blockers and statins; Mann Whitney test was used for comparison. 
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and pulse pressure were significantly higher among the hypertensives as compared to normotensives. Body mass 
index (BMI) may also contribute to the occurrence of arterial stiffness; however BMI was not significantly dif-
ferent among the groups in the present study [16]. Smoking and caffeine can adversely affect vascular stiffness 
both acutely and chronically [17]. Hence care was taken to ensure that subjects were free of smoking and caffe-
ine containing agents at least 2 hrs before the recording of the vascular parameters. Further smoking status was 
not statistically different among the three groups.  

Increased vascular stiffness among chronic and newly diagnosed hypertensives emphasizes the importance of 
early detection of blood pressure and vascular stiffness in addition to adequate control of blood pressure. Cur-
rently there are no guidelines for the use of specific drugs to target and improve arterial stiffness. However, 
there is evidence that adequate control of blood pressure itself is a first step to treat the vascular stiffness. 
Moreover, ACE-inhibitors, angiotensin II receptor blockers, aldosterone receptor antagonists and calcium chan-
nel blockers have shown to have favorable effects compared to beta blockers [18]. Hence larger studies are 
needed to determine the normal reference values of the vascular parameters of arterial stiffness in Indian popula-
tion, which would help to establish guidelines on use of drugs targeting the arterial stiffness and utility of these 
parameters in long term prognosis of hypertension. 

7. Limitation of the Study 
The major limitation of our study is the small sample size. The effect of drugs on vascular stiffness in chronic 
hypertensives was studied in a small sample of forty patients. These results need to be tested further in larger 
population studies. Background therapy was not uniform in the chronic as well as newer hypertensive patients.  

As our study is cross sectional it only provides the data of vascular stiffness in known and newly diagnosed 
hypertensives as compared to controls. Further, among hypertensives prospective blood samples were not col-
lected for vascular inflammatory markers. Lipid profiles were not available for all subjects.  

8. Conclusion 
PWV, ASI and pulse pressure are significantly higher in chronic and newly diagnosed non-diabetic hyperten-
sives as compared to controls irrespective of their treatment status. 
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