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Pulse wave velocity is a reliable marker of arte-
rial compliance. Stiffness of large and elastic 
arteries leads to a faster propagation of pulse 
wave. The aim of this study was to evaluate 
changes in arterial distensibility using antihy-
pertensive drugs. This treatment focused on the 
inhibition of the renin-angiotensin-aldosterone 
system and the changes produced in blood pres-
sure. Measurements were taken at baseline and 
throughout 60 months in 66 previously untreated 
hypertensive patients (22 men and 44 women, 
aged 54±9.5 years, range 38–73 years at base-
line). All patients received either angiotensin-con-
verting enzyme inhibitors or, in case of adverse 
effects, angiotensin receptor blockers. To con-
trol blood pressure, diuretics, calcium channel 
blocking agents, or β blockers were added when 
appropriate. Statistical analysis was performed 
by means of ANOVA with α=0.05. Systolic and 
diastolic blood pressure decreased during the 
first year without significant changes thereafter. 
There were no significant changes in pulse pres-
sure. Pulse wave velocity showed a continuous 

and significant decrease throughout the follow-up 
period, but its reduction since the third year was 
more evident than the decrease in systolic and 
diastolic blood pressure (p<0.0001 for both). This 
observation could be related to changes in arterial 
remodeling probably due to angiotensin-convert-
ing enzyme inhibition or renin angiotensin sys-
tem blockade. Further investigations are needed 
to establish this relationship. (J Clin Hypertens. 
2006;8:555–560) ©2006 Le Jacq

Hypertension is an important risk factor in 
the setting of cardiovascular (CV) disease. 

Systolic blood pressure (SBP) and pulse pressure 
(PP) have become increasingly considered as CV 
risk factors in the past decade.1,2 Aortic stiffness 
is the main determinant of SBP and, thus, of PP. 
There are several variables that affect aortic stiff-
ness: aging, blood pressure (BP), body height,3 
heart rate,4 and high insulin levels,5 among others. 
Improving arterial wall composition with treat-
ment is still controversial. Mechanical properties of 
the elastic arteries are currently the focus of clinical 
research in the setting of high BP. The velocity at 
which a pressure wave propagates through an arte-
rial segment is called pulse wave velocity (PWV) 
and is partly dependent on the stiffness of the ves-
sel wall, being that the higher the PWV, the higher 
the stiffness.6 Aortic stiffness can be uninvasively 
evaluated by ultrasound techniques measuring the 
PWV along the aorta. Carotid-femoral PWV is 
the easiest method to use in pharmacologic trials 
and gives information about the elastic properties 
of the thoracic and abdominal aorta. Moreover, 
this measurement is an independent predictor of 
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CV mortality and primary coronary events among 
hypertensive patients.7–9

Recent studies indicate that among CV risk fac-
tors, high PWV may be a stronger indicator than 
SBP.7–10 Several years ago, Asmar and colleagues11 
assessed the effect of antihypertensive treatment on 
arterial stiffness during a short period of time, but 
it was not possible to know whether the observed 
decrease in PWV was due to BP changes, arte-
rial wall modifications, or a combination of both 
factors. However, according to Laurent et al.,12 
optimal pharmacologic treatment should fully 
normalize arterial stiffness by the combined effects 
of BP lowering and vascular structural changes. 
Pharmacologic intervention studies have demon-
strated the improvement of PWV with different 
classes of drugs such as angiotensin-converting 
enzyme (ACE) inhibitors, β blockers, diuretics, 
and calcium channel blockers during a short period 
of time.13 Moreover, Benetos et al.14 found that 
annual rates of progression in PWV in treated 
hypertensives were significantly higher than in nor-
motensive subjects. However, these patients were 
not normotensive at the end of the study. To date, 
our study is the longest one that has evaluated 
PWV changes under antihypertensive treatment in 
a well controlled cohort of hypertensive patients.

METHODS
Study Design
We enrolled a group of 66 Caucasian hypertensive 
patients previously untreated or without treatment 
for the previous 3 months seen in our ambula-
tory unit (22 men and 44 women aged 54±9.5 
years, range 34–74 years at baseline) (Table I). All 
patients were nonsmokers, and none had diabetes. 
Pre-study work-up included medical history review 
and a complete clinical examination, including lab-
oratory tests and radiologic and echocardiographic 
studies. Cardiac and vascular Doppler ultrasound 
evaluations and any other diagnostic tools were 
done in case of suspected secondary hypertension.

Height (cm), weight (kg), body mass index 
(BMI), waist and hip circumference (cm), and 
PWV were measured at baseline, after 2 months of 
treatment, and every 12 months during the study 
follow-up period (60 months) (Table I). It is impor-
tant to highlight the fact that we did not give the 
patients any special recommendation concerning 
diet or exercise, but we did advise them to reduce 
sodium intake.

To control high BP, all patients received either 
adequate doses of ACE inhibitors or angiotensin 
receptor blockers if adverse effects such as cough 
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occurred. BP was maintained at ≤140/90 mm Hg 
by adding diuretics, β blockers, or calcium antago-
nists, when necessary (Table II).

The Ethics Committee and Teaching and 
Research Committee of our institution approved 
the protocol. Each subject signed a consent form 
in which the nature of the research and its purpose 
were clearly explained.

BP Measurement
At each examination, SBP and diastolic BP (DBP) 
were measured three times using a standard certi-
fied sphygmomanometer. SBP was defined as the 
first Korotkoff sound (phase 1), and the DBP level 
was stated at the disappearance of Korotkoff sounds 
(phase 5). The manometer was deflated at a rate 
of 2 mm Hg/sec. Before measurement, the patients 
rested in a seated position for 10 minutes. They had 
not consumed food, alcohol, or coffee or practiced 
exercise within the previous 30 minutes. A mean 
of the three readings was used for data analysis. 
Subjects with SBP ≥140 mm Hg, DBP ≥90 mm Hg, 
or both were considered to be hypertensive. PP was 
calculated as SBP minus DBP. Mean arterial pres-
sure was defined as DBP plus one third of the PP.

Determination of PWV
Aortic PWV was determined using a noninvasive 
automatic device, Complior (Colson AS, Paris, 

France), which allowed an online pulse wave 
recording and automatic calculation of PWV. 
The validation of this automatic method and its 
reproducibility have been previously published.15 
Briefly, common carotid artery and femoral artery 
pressure waveforms were recorded noninvasive-
ly using a TY-306 pressure-sensitive transducer 
(Fukuda, Tokyo, Japan). The waveforms digi-
tized were sampled at 500 Hz. Both waveforms 
were stored in a memory buffer. Details of this 
procedure have been previously published.11,15 
When the operator observed a pulse wave of suf-
ficient quality on the computer screen, digitization 
was suspended and calculation of the time delay 
between the two pressure upstrokes was initiated. 
Measurement was repeated over more than 30 
different cardiac cycles, and the calculated mean 
value was used for the final analysis. The distance 
between the two measurement positions was 
measured over the body surface as the distance 
between the two recording sites (D), whereas pulse 
transit time (t) was automatically determined by 
the Complior device as PWV=D/t. Validation of 
this automatic method and its reproducibility 
have been described previously.11,15 The concept 
of PWV as an indicator of arterial compliance was 
previously shown.16 The same observer, who was 
blind to the previously assessed BP of the subject, 
performed all measurements.
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Figure. Variation of blood pressure (BP) and pulse wave velocity (PWV) over the follow-up period. (Values are detailed 
in Table III.) SBP=systolic BP; DBP=diastolic BP. *p<0.0001; **p<0.001; ***p<0.01
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Statistical Methods
The values are expressed as mean ± SD. All statistical 
analyses were performed using absolute values and 
processed through analysis of variance for repeated 
measurements. Differences of mean values between 
baseline and each stage, and between different stages, 
were assessed by post hoc Scheffé test. A value of 
p<0.05 was considered statistically significant.

RESULTS
General characteristics of the studied population 
are shown in Table I. The observations of the study 
patients made during the follow-up period showed 
different behaviors of the hemodynamic variables 
(SBP, DBP, PWV, and PP).

Both SBP and DBP were quickly and signifi-
cantly reduced, achieving a normal average value 
after 2 months of treatment. Nevertheless, dur-
ing the subsequent measurements, these variables 
stayed stable or with slight oscillations without 
statistical significance (Figure 1 and Table III). No 
differences in the results were observed either by 
gender, age, and/or using different antihypertensive 
drugs. The patients did not show any significant 
change in their heart rate, weight, or waist and hip 
circumference. Moreover, the variation in PP was 
not significant during the span of the study.

Remarkably, PWV showed a very significant 
reduction from the beginning of the study, continu-
ing with a further progressive reduction through-
out the entire follow-up period. During this period, 
we observed that BP levels were stable while PWV 
continued to decrease. In addition, PWV showed 
significant changes compared with previous mea-
surements after 24 months of treatment (Figure 1 
and Table III). These changes did not show differ-
ences by sex, age, and/or use of different antihy-
pertensive drugs.

DISCUSSION
In this study, we found that arterial compliance 
assessed by means of carotid-femoral PWV showed 
an improvement beyond BP control over several 
years of follow-up in a cohort of 66 hypertensive 
patients who were well controlled with treatment. 
These data extend the observations published 
by Asmar et al.11—the trend of a greater PWV 
decrease than expected after a short period of time 
on antihypertensive treatment.

The observed improvement could be explained 
both by continued BP control and changes of arterial 
structure due to the effect of antihypertensive drugs.

The main objective of our follow-up study was to 
obtain the normalization of BP using antihypertensive 
treatment based principally on renin-angiotensin-
aldosterone system (RAAS) inhibition. Nevertheless, 
as usually happens, most patients needed a combina-
tion with other groups of drugs to be well controlled. 
For that reason, we cannot affirm that our results 
were due specifically to RAAS inhibition. The altera-
tion of RAAS function is recognized as an important 
path for arterial remodeling during the natural his-
tory of hypertension.17–20 The pathologic changes are 
linked to arterial stiffness, with the consequent risk of 
CV and cerebrovascular events.

It is widely recognized that angiotensin II stimu-
lates the production of collagen-type fibers together 
with growth factors that lead to vascular remodel-
ing and PWV increase.21,22 Recently, Laurent et 
al.23 proposed the structural and genetic basis of 
arterial stiffness. They showed that elastin and col-
lagen are not only responsible for the elasticity and 
rigidity of the arterial wall but are also involved in 
the control of smooth muscle cell function. These 
findings have also provided evidence that the 
amount, density, and spatial organization of the 
wall material affect the arterial stiffness.

Table II. Distribution of Drugs Used and Their Combinations
DRUG CLASS SINGLE DIUR BB CCA DIUR+BB DIUR+CCA CCA+BB TOTAL
ACEI 9 17 4 7 3 1 1 42
ARB 11 5 3 — 3 2 — 24
ACEI=angiotensin-converting enzyme inhibitors; ARB=angiotensin receptor blockers; DIUR=diuretics; BB=β blockers; 
CCA=calcium channel antagonists

Table III. Comparative Variation of Blood Pressure and Pulse Wave Velocity Over the Follow-Up Period
MONTHS

0 2 6 12 24 36 48 60
SBP (mm Hg) 157.30 138.22* 129.89 138.33 132.78 131.00 132.89 124.67
DBP (mm Hg) 99.78 85.41* 83.63 87.89 84.63 83.96 82.59 81.07
PWV (m/sec) 11.90 10.97 10.75 9.97** 10.06 9.57† 8.72** 8.35†

SBP=systolic blood pressure; DBP=diastolic blood pressure; PWV=pulse wave velocity; *p<0.0001; **p<0.001; †p<0.01 
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The increase of the aortic wall stiffness is the 
cause of the elevation of PWV along this vessel. 
The rise of PWV produces an earlier reflection of 
the wave, with the subsequent augmentation of 
aortic systolic pressure.24

This understanding of the arterial changes 
related to aging provides an opportunity for 
more appropriate pharmacologic treatment for the 
pathologic processes associated with aging, such 
as isolated systolic hypertension, heart failure, and 
angina pectoris. In regard to this, it is important to 
identify drugs with more selective effects on aortic 
wall stiffness in older patients.

Pharmacologic intervention focused on blocking 
the RAAS, both with ACE inhibitors and angioten-
sin receptor blockers, has demonstrated that the 
chronic inhibition of this system is able to modify 
arterial stiffness.25,26 Previous studies have demon-
strated the efficacy of ACE inhibitors to improve 
arterial stiffness independent of BP hemodynamic 
changes in comparison with other antihypertensive 
agents, such as β blockers, which failed to produce 
improvement in vascular distensibility.11,27 These 
observations support the idea that the inhibition 
or blockade of the RAAS results in a substantial 
benefit in reducing arterial stiffness.28

The risk burden is directly linked to increased 
stiffness of the large arteries that leads to the rise of 
central SBP. This risk could be assessed by means of 
noninvasive methods such as PWV measurement.

Thus, this longitudinal study is in accordance 
with the fact that blockade of the RAAS leads 
to a quick fall in both SBP and DBP within the 
first months of treatment. A similar effect was 
observed with PWV. This last observation, how-
ever, could not be attributed to changes in arte-
rial wall composition but to a direct effect of the 
BP fall, since no comparative treatment group 
was included. The continuous improvement in 
PWV observed thereafter, not accompanied by a 
further decrease in BP, seems to indicate a direct 
action of treatment on vascular structure (Figure 
1 and Table III) beyond the BP reduction. Since 
the complete normalization of the vascular fiber 
composition with pharmacologic treatment has 
not been demonstrated, the PWV fall could be 
explained by the regenerative changes in the 
muscle layer of the arteries and/or the improve-
ment of the endothelial function in peripheral 
arteries. In agreement with this, Ahimastos and 
colleagues29 have observed that an ACE inhibitor 
promoted an elastogenic matrix profile, which 
may contribute to the improvement in arterial 
stiffness in cell culture.

Nevertheless, the accurate control of BP seems 
to be the most important objective to improve 
PWV. In regard to this, Benetos and associates14 
found an impairment of PWV after 6 years in 
poorly controlled treated hypertensive patients. 
The same impairment was found in normotensives 
with aging. Our results enhance the concept of the 
importance of BP control and, possibly, also the 
inhibition of the RAAS to delay arterial aging. The 
most relevant difference between our cohort and 
Benetos’ patients was that the former included con-
sistently treated patients, most of them with near-
optimal BP, who had a regular yearly follow-up.

CONCLUSIONS
We think that the present long-term observational 
study provides substantial evidence that reinforces 
the importance of both good BP control and per-
haps also blockade of the RAAS for modulating 
vascular structures in patients with arterial hyper-
tension. However, we believe further investigations 
will be needed to clarify the effect of treatment 
based on other antihypertensive agents because, so 
far, good BP control was the main evidence of the 
success of the treatment and PWV improvement 
could only be related to this.
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