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Increased arterial stiffness is an important determinant of cardiovascular risk, able to 
predict morbidity and mortality, and closely associated with ageing and blood pres-
sure. The aims of this study were: (1) To determine the age-dependent reference pulse 
wave velocity (PWV), and compare it with values from hypertensive patients, and (2) 
to evaluate the impact of isolated and untreated hypertension on arterial stiffness. A 
total of 1079 patients were enrolled and divided into a control group (NT) of asympto-
matic normotensive patients and a group of asymptomatic hypertensive patients (HT). 
Blood pressure, carotid-femoral PWV, and body mass index were measured in each 
subject, whose blood was drawn for laboratory tests. Aortic mean PWV in the NT 
group was 6.85 ± 1.66 m/s, which increased linearly (R2 = 0.62; P < .05) with age. In 
patients over 50 years of age, PWV was significantly higher than in younger patients 
(8.35 vs 5.92 m/s, respectively, P < .001). This significant difference persisted when 
observing male and female patients separately. In the hypertensive group, mean PWV 
value was 8.04 ± 1.8 m/s (range 4.5-15.8 m/s) and increased (R2 = 0.243; P < .05) with 
age. The PWV increase in HT was significantly higher (0.93 m/s per decade, P < .001) 
than in NT (0.44 m/s per decade). Our study provides normal values of PVW per dec-
ade, and shows that these values increase with age, especially after 50 years of age, 
particularly in HT patients. This stiffness growth rate may be responsible for increased 
cardiovascular risk in both groups.

1  | INTRODUCTION

It is currently accepted that increased central arterial stiffness (AS) is 
an important determinant of cardiovascular (CV) risk.1 Reported epi-
demiological studies showed that increased AS predicts mortality and 
morbidity, independently of other CV risk factors.1-3 Similarly, the as-
sociation of aortic stiffness with ageing and blood pressure (BP) has 
been well established. Furthermore, previous studies reported the as-
sociation between pulse wave velocity (PWV) and BP independent risk 
factors, such as dyslipidemia,4 smoking,5 heart rate,6 and diabetes.7,8

Ever since the publication of the pioneer work by John W. Fischer, 
the role of high BP in CV risk and disease has been widely investi-
gated.9 Accordingly, the association of AS with the pathogenesis of 
systemic hypertension was analyzed.10 Moreover, the prognostic 
value of PWV has been associated to arterial ageing independently of 

traditional risk factors other than arterial hypertension.11 This raised 
the question on the need to find a relationship between normal PWV 
values and age (ie, arterial ageing), evaluated in normotensive popula-
tions and then in hypertensive patients with no other CV risk factors, 
to explain the consequences of hypertension on AS. Currently, PWV 
reference values, according to age used in clinical practice, come from 
a European population published by the Reference Values for Arterial 
Stiffness Collaboration Group.12 Our group recently reported PWV 
normal values related to each decade of age in healthy normotensive 
patients with no family history of hypertension.13

However, the impact of isolated hypertension on aortic elasticity 
in non-treated patients has not been specifically analyzed.

Consequently, the purpose of this research was to evaluate the ef-
fects of isolated and untreated hypertension on AS in a representative 
sample a city from Argentina. Thus, the specific aims of this work were:
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•	 To determine normal PWV values for each decade of life in a large 
group of normotensive patients without parental history of hyper-
tension or other CV risk factors

•	 To determine PWV values in a subgroup of patients with hyperten-
sion as an isolated risk factor

•	 To compare these values of PWV with healthy normotensive pa-
tients from this community-based study

2  | METHODS

This epidemiological study is a part of a project that started in 2010 in 
Tandil, Buenos Aires Province, aimed at investigating the prevalence 
of CV risk factors in a well-characterized population. Preliminary re-
sults have been recently reported.13,14 This work is a descriptive case-
control, observational, and cross-sectional population-based study 
and was divided into 2 well-differentiated analysis: (1) the quanti-
fication of normal values of PWV corresponding to each decade of 
age in a normotensive population of normotensive parents, and (2) 
to investigate the effects of isolated arterial hypertension on PWV in 
non-treated patients.

Tandil city is located 360 km to the west of Buenos Aires.  
According to the National Institute of Statistics and Census report of 
2010, the population was 123 871 people.15 Ethnically, the population 
is a mix of European immigration influx and native population.

Patients included in this investigation were evaluated in the 
Rodriguez Larreta Hospital and in the Tandil Institute of Cardiology. 
The research protocol was evaluated and approved by the local 
Institutional Ethics and Research Committee. The study was carried out 
according to the Declaration of Helsinki and the Good Clinical Practice 
Guidelines. A written consent was signed by all patients included in this 
research, as requested by the Good Clinical Practice Guidelines.

From March 2010 to December 2014, 1079 consecutive patients 
were enrolled. The recruited patients were divided into a control group 
(healthy normotensive patients) and a hypertensive group (with sys-
temic hypertension as their unique risk factor). During their routine 
checkup, we measured the carotid-femoral PWV in both groups.

2.1 | Normotensive group (NT)

We included asymptomatic non-smoking patients, with normal BP 
values, without diabetes, dyslipidemia, and no history of hypertension 
in first-degree relatives. They met all the following criteria.

Inclusion criteria:

•	 Asymptomatic patients aged between 10 and 87 years with no his-
tory of cardiovascular, pulmonary or renal disease

•	 Normal BP at the time of examination (BP ≤ 140/90 mm Hg in 
adults and BP ˂ 90th percentile in patients ˂16 years of age)16

•	 Total blood cholesterol levels <5.172 mmol/L
•	 Serum triglycerides levels <1.694 mmol/L
•	 Glycemia <6.11 mmol/L
•	 Non-smoking history

•	 Patient with normotensive first-degree relatives with no history of 
CV disease before 65 years of age

Exclusion criteria:

•	 Patients with hypertension at the time of the examination (sys-
tolic BP ≥ 140 mm Hg and/or diastolic BP ≥ 90 mm Hg).17 High BP 
states in children and adolescents were determined according to 
sex, age, and body height, following the criteria set by the report of 
the American Pediatrics Association and the European Society of 
Hypertension.16

•	 History or symptoms of CV disease
•	 History of diabetes
•	 Record of serum creatinine levels >132.6 μmol/L
•	 History of smoking
•	 Record of lipid profile with one or more of the following condi-

tions: serum triglycerides ≥1.694 mmol/L, total blood cholesterol 
≥5.172 mmol/L

•	 Patients with body mass index (BMI) ≥ 30 kg/m2

2.2 | Hypertensive group (HT)

In this cohort, asymptomatic non-smoking patients that were aged 
10-98 years were included. Their only risk factor was hypertension.

Inclusion criteria:

•	 Patients with confirmed diagnosis of hypertension (detected during 
three separate visits); not undergoing pharmacological treatment; 
and no history of CV, pulmonary, or renal disease. In this popula-
tion, hypertension was the only CV risk factor. Hypertension was 
defined as BP values >140/90 mm Hg in adults and BP ≥95th per-
centile in patients ˂16 years old).16

•	 Total blood cholesterol levels <5.172 mmol/L
•	 Serum triglycerides levels <1.694 mmol/L
•	 Glycemia <6.11 mmol/L
•	 Non-smoking patients
•	 Patient with normotensive first-degree relatives with no history of 

CV disease before 65 years of age

Exclusion criteria:

•	 Patients under treatment for hypertension at the time of the 
examination

•	 History or symptoms of CV disease (stroke, acute coronary 
syndrome, cardiac ischemic disease, or any revascularization 
procedures)

•	 Diabetes mellitus, glycaemia >6.11 mmol/L or under treatment
•	 History of sedentarism
•	 Serum creatinine levels >132.6 μmol/L
•	 History of smoking
•	 BMI > 30 kg/m2

•	 Lipid profile with one or more of the following conditions: serum tri-
glycerides ≥1.694 mmol/L, total blood cholesterol ≥5.172 mmol/L
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2.3 | Blood pressure measurements

BP was measured three times after the patient remained seated for 
at least 10 minutes. All measurements were performed using a digital 
automatic BP monitor (Omron model 705IT).

2.4 | Pulse wave velocity measurement

All measurements were performed in a quiet room with stable room 
temperature (22 ± 1°C). The patient remained in a supine position for 
at least 10 minutes. Aortic PWV was determined by recording the ca-
rotid and femoral waveforms using a previously validated technology 
(Arteriometer, Model V100).13,14,18,19 The hardware uses two high-
fidelity silicon piezoresistive pressure sensors (Motorola MPX 2050, 
Motorola Inc.) connected to an amplifier. The signal was acquired in a 
PC computer. During data acquisition, both pressure sensors were si-
multaneously placed in the left carotid and left femoral arteries. Data 
were continuously recorded, while pressure waves were monitored on 
the computer screen using specific software as previously described. 
This software works in a Windows environment, acquiring an online 
digitized pressure wave that allows several PWV measurements along 
a single continuous record, which includes at least 10 cardiac cycles. 
The distance between sensors is needed for the online PWV calculation. 
PWV value for each patient was expressed as the mean and standard 
deviation. To ensure a reliable measurement, special care was taken in 
monitoring that the standard deviations of measurements were less than 
10%. Two physicians acquired all data and calculated PWV; one of them 
operated the arteriometer to record pressure waves and the other one 
operated the computer. When technical mistakes or low signal quality 
were detected, the procedure was repeated. All measurements were re-
corded by duplicate in all patients.20 Finally, in accordance with European 
recommendations,12,17,20,21 PWV values were corrected by multiplying 
the carotid-femoral distance by 0.8. To compare the normal values cal-
culated from our data, we considered, as suggested by the European 
recommendations, 10 m/s as the normal upper PWV limit value.

2.5 | Laboratory measurements

Venous blood samples were obtained from all patients using standard 
techniques and processed to determine glycemia, serum triglycerides, 
total blood cholesterol, and creatinine.

2.6 | Data analysis

Measured and calculated values were expressed as mean value ± SD. 
The normo- and hypertensive groups were categorized per decade of 
age (Group 1: 10-19 years, Group 2: 20-29 years, Group 3: 30-39 years, 
Group 4: 40-49 years, Group 5: 50-59 years, Group 6: 60-69 years, 
group 7: ≥70 years old). Differences among groups were tested by 
means of ANOVA and Bonferroni’s post-test. A Pearson’s correlation 
analysis was performed to examine the age-related increases of aortic 
stiffness. To evaluate possible structural or hemodynamic arterial ad-
aptations, we performed a multiple regression analysis in a sub-group 

of 400 normotensive patients where PWV, mean BP (MBP), and heart 
rate (HR) were considered dependent variables related to age, the in-
dependent variable. The Multiple Linear Regression identity formula 
was: PWV = −0.744+ (0.0704·Age) + (0.00643·HR) + (0.0531·MBP). 
The statistical software that was used was IBM SPSS 20.0. A value of 
P < .05 was considered statistically significant.

3  | RESULTS

Carotid-femoral PWV values calculated in NT and HT groups are 
shown in box plots of Figure 1. Male and female patients were dis-
tributed in each age group to achieve a homogeneous amount of each 
gender in both the NT and HT subgroups.

3.1 | NT group

Of the 780 healthy patients that were included in this group (Table 1), 
mean age was 40.0 ± 18.5 years (range 10-87 years), 414 were male 
(53.1%), and 366 were female (46.9%). Aortic mean PWV in the 
healthy group was 6.85 ± 1.66 m/s (range 3.12-13.44 m/s). Only 29 
of the 780 healthy patients (3.72%) exceeded the PWV cut-off point 
of 10 m/s, established by expert consensus.

Figure 2 shows the mean values of PWV, range, and the 95% con-
fidence intervals in patients divided into 7 age groups. An age-related 
increase (R2 = 0.62; P < .05) in PWV values was observed.

3.2 | Gender study

No significant differences in terms of PWV values were found between 
men and women (6.81 vs 6.89 m/s, respectively). In all patients over 
50 years, PWV values were significantly higher than younger patients 
(8.35 vs 5.92 m/s; respectively; Table 2). When gender is considered, 
this difference remained statistically significant in both men and women.

3.3 | HT group

Of 299 hypertensive patients included in this group (51.0 ± 19.0 years 
of age, range: 14-85 years), 179 were male (59.9%) and 120 were fe-
male (40.1%; Table 1). Mean PWV value of hypertensive patients was 
8.04 ± 1.8 m/s (range: 4.5-15.8) and was significantly higher than in NT 
patients (P < .001). Figure 1 (black box plot) shows the median, quar-
tiles, and ranges of PWV in hypertensive patients divided into seven age 
groups. Thirty-five of the 299 hypertensive patients (11.7%) exceeded 
the PWV cut-off point of 10 m/s, established by the expert consensus.

Figure 2 shows the mean values of PWV and the 95% confidence 
intervals in hypertensive patients divided into 7 age groups. PWV in-
creases linearly with age (R2 = 0.243; P < .05).

As in the healthy group (Table 2), hypertensive patients showed 
no significant gender differences in terms of PWV in patients under 
or over 50 years of age. Moreover, no statistical significant differences 
regarding the baseline characteristics between males and females 
were found in this cohort.
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3.4 | Group comparison

No significant differences were found between healthy and hyper-
tensive patients in terms of BMI, waist circumference, cholesterol, tri-
glycerides, and glucose serum levels (Table 1). However, HT patients 
were older and, as expected, had significantly higher BP (P < .001) and 
pulse pressures (P < .01).

As shown in Figure 2, in both younger (upper left panel) or older 
patients (right upper panel), PWV values were always higher in HT 
patients than in normotensive patients. Finally, the multiple linear 
regression analysis showed that a linear relationship exists between 
PWV and age and MBP, but not with HR (see Table 3). When correct-
ing the PWV values for MBP, mean values failed to show a significant 

difference between NT (0.077 ± 0.016 m/s/mm Hg, n = 780) and HT 
(0.078 ± 0.004 m/s/mm Hg, n = 299).

4  | DISCUSSION

Pulse wave velocity is currently considered the gold standard to 
measure AS due to its simplicity, accuracy, reproducibility, and pre-
dictive value.21-23 Most studies provide reference PWV values that 
arise from retrospective analysis of patients evaluated in specialized 
centers. Such studies involve considerable selection bias when trying 
to extrapolate these data to populations from epidemiological stud-
ies.12 It is worth noting that, although there are tables with reference 

Variable
Healthy normotensive 
group (n = 780)

Hypertensive group 
(n = 299) P value

Age (years) 39.8 ± 18.5 50.8 ± 19 .001

BMI (kg/m2) 24.1 ± 3.8 25.5 ± 3.4 .08

Waist (cm) 87.7 ± 14.4 91.7 ± 13 .08

SBP (mm Hg) 121.0 ± 11.6 148 ± 13 .0001

DBP (mm Hg) 74.8 ± 8.6 85.4 ± 9 .001

PP (mm Hg) 46.1 ± 8.4 62.6 ± 9 .001

Total serum cholesterol (mmol/L) 43.68 ± 5.9 44.2 ± 7.5 ns

Serum triglycerides (mmol/L) 1.43 ± 0.23 1.47 ± 22 ns

Glycemia (mmol/L) 4.6 ± 0.53 4.78 ± 0.72 .41

BMI, body mass index; DBP, diastolic blood pressure; MAP, mean arterial pressure; PP, pulse pressure; 
SBP, systolic blood pressure.
Values are mean ± SD. Statistical significance was determined by a Student’s t test.

TABLE  1 Clinical and hemodynamic 
variables of the analyzed population

F IGURE  1 Box plot showing the 
carotid-femoral pulse wave velocity (PWV) 
for each age group in healthy (NT) and 
hypertensive patients (HT)
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values of PWV for each age group, a unique PWV value (10 m/s) 
was established as a cut-off value for the diagnosis of altered AS.17 
Accordingly, the main contribution of this research is: (1) to provide 
further evidence that a single normal limit for AS is not useful, since 
PWV changes with age and, furthermore, this rate of change varies 
at ages over 50 years. No difference in PWV was observed between 
genders either in normotensive or hypertensive patients. These data 
are in accordance with Kozakova et al, who reported that no differ-
ence related to gender was observed in PWV and that, in patients 
over 50 years old, the PWV increasing values per year were higher 
than younger ages.24 Similar results were observed when patients 
suffer from arterial hypertension. And, (2) PWV normal values in our 
country (6.8 m/s) are significantly lower than the values suggested 

by the Consensus (10 m/s). This further supports the need to nor-
malize PWV reference values according to ethnicity, considering the 
potential impact of lifestyle and CV risk profiles on AS.25,26

Additionally, we provided further evidence suggesting the need of 
PWV reference values for each decade of life (since PWV showed an 
increase related to decades of life) and this increase was greater in 
patients over 50 years of age, independently of their gender. This phe-
nomenon is also observed in HT patients.

On the other side, the contribution of risk factors (other than age 
and BP) to PWV has been well documented. In a systematic review 
with data from 77 studies, Cecelja et al showed that age and BP were 
consistently independently associated with PWV. They also found a 
non-independent association between PWV and gender, total choles-
terol, low-density lipoprotein cholesterol, high-density lipoprotein cho-
lesterol, triglycerides, smoking, and body mass index. Consequently, 
the authors concluded that the contribution of risk factors (other than 
age and BP) to PWV is small or insignificant.11 More recent data were 
provided supporting these results.24

Our results have shown that even isolated hypertension, as a 
unique risk factor, has a direct impact on AS in all age groups com-
pared to healthy patients.

F IGURE  2 Pulse wave velocity 
according to age groups in normotensive 
and hypertensive patients. PWV vs 
age groups in normotensive (NT) and 
hypertensive (HT) patients, under (left 
panels) or over (right panels) 50 y of age. 
PWV mean values (upper panels) and 
correlations (lower panels) for each decade 
are shown. Age group (1): 10-19 y of age; 
age group (2): 20-29 y of age; (…); age 
group (7): 70-79 y of age. *P < .05 with 
respect to the NT group
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TABLE  2  Impact of gender on PWV in healthy and hypertensive 
patients

Healthy normotensive 
group Hypertensive group

Male (<50 y) 5.85 ± 1.1 (3.1-9.8) 
n = 265

7.2 ± 1.4 (5.1-10.9) 
n = 84 **

Male (≥50 y) 8.4 ± 1.4 (5.5-13.4) 
n = 146 *

8.8 ± 2.0 (5.6-15.7) 
n = 95 *

Female (<50 y) 6.0 ± 0.9 (3.2-9.1) 
n = 222

7.1 ± 1.3 (4.5-11.2) 
n = 69 **

Female (≥50 y) 8.1 ± 1.1 (5.4-12.3) 
n = 147 *

8.6 ± 1.5 (5.7-14.5) 
n = 51 *,**

PWV [m/s] ± SD (range) of healthy and hypertensive patients, according to 
gender and age subgroups. Statistical significance assessed using the 
ANOVA test: *P < .001 with respect to patients under 50 y of age. 
Statistical significance assessed using the Student’s t test: **P < .01 with 
respect to the normotensive group.

TABLE  3 Multivariate correlation: statistical analysis table

Coefficient SE t P

Constant −0.7440 0.5670 −1.313 .190

Age 0.0704 0.0035 20.380 <.001

HR 0.0064 0.0052 1.230 .220

MBP 0.0531 0.0057 9.2450 <.001

P, significance value; SE, standard error; t, Student’s t test value.
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This research has also several relevant aspects to discuss, for ex-
ample, it represents the first Argentine record based on urban and 
rural population that determines the impact of isolated and untreated 
hypertension on PWV in many patients without other risk factors and 
without family history of hypertension. While this study is based on a 
single population, it is noteworthy that it would be unwise to extrap-
olate these data to all the local population, or towards other coun-
tries, due to racial or demographic differences. Nonetheless, we must 
consider that similarities in several demographic and socio-cultural 
aspects in the general population of Argentina are present. The prev-
alence of hypertension reported in this study in a rural area is compa-
rable to that reported in epidemiological population-based studies in 
our country.13,27,28

This research also includes a comparable number of patients cov-
ering a wide range of ages (10-87 years of age). The European regis-
try, “Reference Values for Arterial Stiffness’ Collaboration,” reported 
normal values of PWV are based on 1455 records.12 These normal 
values are the result of a retrospective analysis of PWV obtained with 
different methods in 13 European high-complexity medical centers. 
Additionally, this registry included several methods of measurement 
of PWV that required validation between these different methodol-
ogies to verify measurement accuracy. In our study, PWV was mea-
sured using a single technology of synchronous measurements that 
were digitized and automated for offline analysis. This methodological 
aspect allowed us to homogenize potential inferences to other pop-
ulations and to quantify PWV reliably and consistently related to the 
effect of therapeutic interventions.

The third important aspect is the PWV increase-rate observed 
across different age groups. As previously reported,13 in normotensive 
patients, PWV increases with ageing and a breaking point in the rate-of-
increase is observed at 50 years of age. This could be due to a deterio-
ration of arterial elasticity associated directly with age that induces an 
increase in stiffening of the aorta and other large arteries. This contrib-
utes, in older individuals, to a higher pulse pressure (PP), considered an 
indirect measure of AS and an independent risk factor for morbidity and 
mortality.29-32 It was recently reported33 that, in coincidence with our 
PWV data, PP shows a similar profile related to age. This suggests that 
ageing induces an increase in stiffening of arteries with the consequent 
augmentation of PP as a biological marker and PWV as surrogate of this 
altered stiffness. In addition, in hypertensive patients, PWV showed 
a different behavior before and after the fifth decade of life. Patients 
under 50 years of age have a slower rate of PWV increase than older 
patients. This increase was greater in HT than in NT patients. This sup-
ports the idea that, within this period of life, the association between 
vascular ageing and hypertension leads to a greater vascular impairment, 
inducing a greater CV risk in accordance with previously reported data.34

Gender difference in AS is one of the most controversial and still 
unsolved issues in CV disease.12,35 In our study, there was no differ-
ence in PWV values linked to gender, in accordance to large population 
based studies, in which gender difference in PWV was null or had no 
clinical significance (<0.1 m/s).24,34,36,37 Moreover, in the framework 
of the Anglo Cardiff Collaborative Study and Multi Ethnic Study of 
Atherosclerosis,34 gender had no effect on the stiffness of large arteries 

and PWV, and Cecelja et al also reported lack of association of PWV 
and gender.11 Thus, it is suggested that, in healthy normotensive indi-
viduals, gender might not have a direct influence on arterial stiffening.

Our study defined “normal PWV values” in patients with first-
degree relatives with no history of hypertension, CV disease, or 
sudden death before age 65.38 Several studies have shown a sig-
nificant hereditary burden on several indexes of arterial function, 
independently of BP values, and an association between PWV and 
genetic polymorphisms.39-41 These associations justify the redefini-
tion of the inclusion criteria to define a population as the reference 
standard. Our study population was carefully enrolled prospec-
tively after over 5 years of work with rigorous selection criteria. 
Consequently, they represent a selected population that constitutes 
an exceptional portion of the total population. However, it consti-
tutes the ideal population to study the main determinants of PWV 
(ie, age and BP) without involving confounding factors or other 
determinants of PWV. Despite the methodological differences be-
tween the 2 studies, it is possible to attempt to compare the ref-
erence values between our data with the reference values of the 
arterial measurement collaboration group. For the 10th and 50th 
percentiles, similar PWV values were observed in each age category, 
with non-significantly lower values in the Argentinean population. 
However, the 90th percentiles, for patients older than 60 years, 
PWV values of the Argentine cohort were particularly lower (be-
tween -2.7 and -2.59 m/s, P < .05) than the European population.12 
The different measurement algorithms and different devices used, 
in addition to the strict inclusion criteria used in our work should 
be considered for an adequate interpretation and comparison of the 
reference values with the European group.

Analyzing PWV values for our population, and considering only the 
cut-off value set at 10 m/s, regardless of age, we observed that 3.7% 
of patients considered apparently normal had elevated PWV values. 
Following the same criteria, 11.7% of hypertensive patients would 
have abnormal values of PWV. This suggests that it is essential for 
clinical practice to determine the reference values for each age group 
with their percentiles from a population of healthy patients and our 
data showed that PWV could be a valuable tool to evaluate changes in 
AS in young patients with hypertension. A recent meta-analysis, which 
included more than 17 635 patients, showed that PWV is a stronger 
risk factor among younger individuals,1 thus giving further support to 
our data. This supports the idea that age and BP are strongly associ-
ated with PWV, arterial wall dysfunction, target organ damage, and 
increase in CV risk.

Another important aspect of this study is related to the differ-
ence in PWV observed in young patients (<20 years of age) between 
healthy and hypertensive patients. This difference is quantitatively and 
qualitatively significant and shows an early impairment of arterial com-
pliance in hypertensive young patients. In this regard, 3 decades ago, 
Simon and Levenson hypothesized that arterial damage may precede 
the development of hypertension.42,43 Recent epidemiological data 
also supports the notion that vascular stiffness precedes the devel-
opment of hypertension, rather than vice versa.44 A further support 
was given by findings from the Framingham Study, suggesting that 



264  |     DIAZ et al.

AS is a precursor of, rather than the result of, arterial hypertension.44 
Our data allows to hypothesize if early hypertension strongly impacts 
vascular elasticity. Moreover, there are studies in patients with bor-
derline hypertension with vascular damage.45 Our results support the 
idea that PWV should be controlled in each decade of life, especially 
in young hypertensive patients.

However, our study has several limitations. First, we used a cross-
sectional design; consequently, the increase of PWV across age groups 
should be interpreted with caution, since it may misestimate the real 
age-related change of carotid femoral PWV corresponding to every sub-
ject included in this study. Second, we used office BP measurements and 
it is widely known that ambulatory BP monitoring provides additional 
information and has been consistently shown to have a stronger cor-
relation with CV outcomes than office BP measurements.17 Moreover, 
ambulatory BP monitoring provides essential information about white-
coat hypertension and masked hypertension—both conditions that 
could have overestimated or underestimated the diagnosis of hyper-
tension. The overall prevalence of masked hypertension and white-coat 
hypertension in population-based studies averaged 13% and white-coat 
hypertension was about 32% among hypertensive patients.17,46 These 
conditions were independently associated with increases of AS.47,48

5  | CONCLUSIONS

To date, this is the first population-based study from urban and rural 
individuals of Latin America to analyze the impact of hypertension as 
an isolated risk factor on pulse wave velocity values. Our study pro-
vides normal values of pulse wave velocity, related to decades of life 
in healthy, normotensive patients, without family history of hyperten-
sion. These PWV values showed an increase associated with the aging 
process, especially after 50 years of age, in both normo- and hyper-
tensive patients. No gender-related differences were found in either 
hypertensive or normotensive patients.

Additionally, relevant clinical information to daily clinical practice, 
by setting PWV cut-off values for each age group with a 95% confi-
dence interval, was also provided in this report. Moreover, our findings 
suggest that the PWV growth rate, after the 5th decade, expresses an 
increase in AS, that may be responsible for an increased CV risk, even 
in apparently healthy normotensive or hypertensive patients.

Finally, isolated hypertension (even as the only risk factor) could 
increase AS together with a marked and sustained elevation of PWV 
in all age groups. Although PWV values were higher in patients with 
hypertension, a marked increase in PWV was observed after 50 years 
of age, accelerating the effect of aging of the arterial wall. In our popu-
lation of hypertensive patients, the observed increased PWV seems to 
be the result of a hemodynamic adaptative response.
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