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Abstract

Background: Previous studies have established normal and reference values for Pulse Wave Velocity (PWV). However, 
the PWV value that has the strongest association with cardiovascular biomarkers remains poorly understood.

Objective: This study aimed to determine the PWV value more likely to be associated with left ventricular hypertrophy 
(LVH), increased intima-media thickness (IMT), and presence of carotid plaques in patients with hypertension.

Methods: This cross-sectional study included 119 patients. Analysis of receiver operating characteristic (ROC) curves 
was performed for each cardiovascular biomarker. Statistical significance was set at p < 0.05.

Results: According to the ROC curve analysis, the PWV values were 8.1 m/s, 8.2 m/s, and 8.7 for the LVH, IMT, and 
presence of carotid plaques, respectively. A PWV value of 8.2 m/s was identified as the best parameter to determine 
the three TOD biomarkers. PWV above 8.2 m/s was associated with increased CIMT (p = 0.004) and the presence 
of carotid plaques (p = 0.003) and LVH (p<0.001). PWV above 8.2 showed greater sensitivity for increased CIMT 
(AUC = 0.678, sensitivity = 62.2), LVH (AUC = 0.717, sensitivity = 87.2), and the presence of plaques (AUC = 0.649, 
sensitivity = 74.51) in the ROC curve analysis. 

Conclusion: The PWV value 8.2 m/s was more sensitive in early identifying the existence of cardiovascular biomarkers of TOD. 

Keywords: Vascular Stiffness; Pulse Wave Analysis; Arterial Pressure; Hypertension.

Studies have shown that PWV is a predictor of CV events 
and mortality.3,12-14 The use of PWV in addition to the 
traditional CV risk factors improves risk stratification.15, 16 A 
10 m/s cut-off value for PWV was established as a definition 
of vascular TOD in previous studies and guidelines.4-6 
Additionally, PWV above 10 m/s has been associated 
with biomarkers of structural changes in the left ventricle 
chamber and carotid arteries, as well as with an increase 
in CV mortality.16-18

Arterial stiffness associated with age and sex and values 
stratified using the tonometric method have been established 
in previous studies, mostly conducted in Europe.9,19,20 A 
European study20 distinguished “normal” and “reference 
values.” While “normal” provides a physiological range, 
“reference” indicates the extent to which a population does 
not have noticeable CV diseases. Recently, reference values   
using the oscillometric method10,11,21 were classified into with 
and without CV risk factors and stratified by age and sex.11

There is a gap in the existing literature in determining 
the ideal percentile of PWV to identify the normal value or 
the beginning of CV damage. The present study was aimed 
to identify the PWV value, not as a TOD, but with the 
strongest association with the following biomarkers: carotid 
intima-media thickness (CIMT), presence of atheromatous 
plaques, and left ventricular hypertrophy (LVH).

Introduction
A high number of patients with hypertension have 

subclinical lesions in the early stages of the disease that are 
not identified by traditional assessment models.1-3 According 
to the main hypertension guidelines, more specific 
complementary tests for biomarker analysis are used for 
the early identification of cardiovascular (CV) damage. 4-6 

Carotid-femoral Pulse Wave Velocity (PWV) is the gold 
standard for arterial stiffness measurement because it is non-
invasive, simple, accurate, reproducible, and has predictive 
value.7,8 Stratified values of PWV are available for healthy 
individuals and those with increased CV risk. In addition, an 
association between PWV and target organ damage (TOD) 
has been established in patients with hypertension.9-11
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Methods
This cross-sectional study was conducted between 

October 2018 and March 2019 in a multidisciplinary 
outpatient service of a tertiary hospital. All the data at this 
study concerns to the first visit of a clinical trial designed to 
test both this hypothesis of association of PWV with TOD and 
other hypotheses to be tested in the longitudinal follow-up. 

The sample size for the clinical trial was calculated 
using the formula for comparing two groups. A type I 
error of 0.30, and a proportion of non-occurrence of 
cardiovascular events of 87.7% for the control group and 
96.5% (with a plus percentage of 10% for non-events) for 
the experimental group were considered. Therefore, a 
sample of 35 participants was obtained for each group, 
but we have decided to expand the sample size due to 
possible loss of follow-up. 

 Patients with hypertension, taking or not taking 
antihypertensive drugs, were recruited as participants.

Inclusion criteria
Patients aged 18 years or above, having hypertension as 

assessed through office blood pressure (BP) measurement, 
and requiring pharmacological treatment4 were included 
in the study.

Exclusion criteria
The exclusion criteria were participation in other 

research protocols for less than one year; presence of 

chronic diseases in the terminal stages at the investigator’s 
discretion; previous cardiovascular diseases (known or 
symptomatic), including coronary artery disease (myocardial 
infarction, angina, previous coronary artery bypass graft 
surgery, or angioplasty), or stroke (ischemic or transient 
ischemic attack) during the last six months. Exclusion criteria 
for previous cardiovascular diseases were defined using 
information collected from the patients (direct interviews 
or complementary examinations).

Data collection and study procedures
The participants were interviewed using a structured 

questionnaire and anthropometric measurements (weight 
and height). Additionally, information on sex, age, and the 
use of antihypertensive medications was collected. Body 
mass index (BMI) was calculated as weight (kg) divided by 
height (m) squared, and overweight was defined as BMI 
≥ 25 kg/m2.22 

Peripheral BP categories were defined and measured 
using OMRON® 1100 automatic devices according to 
the 2020 Brazilian Guidelines of Hypertension.4 The 
average of the two BP measurements on the same arm, 
conducted at two-minute interval, was considered in this 
study. Uncontrolled BP was considered with mean systolic 
pressure ≥ 140 mmHg or diastolic pressure ≥ 90 mmHg.

Central parameters were assessed non-invasively using 
the validated DynaMAPA AOP Cardios® oscillometric 
method (IEM, Stolber, Germany). The procedures were 
performed by the same person and device using the C1 
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PWV-validated protocol including three measurements at 
same arm with 1-minute interval.23-26 The person responsible 
for the measurements has more than five years of experience 
with central pressure measurement methodology.

Carotid doppler ultrasound and echocardiographic 
evaluations were performed following the American27 and the 
European28,29 consensus guidelines. These were conducted 
by a single observer, with more than 10 years of experience, 
using a Philips Affiniti 70 ultrasound system and a linear 
transducer with a 12-4 MHz frequency for carotid doppler 
and sectorial probe 4-2 MHz frequency for transthoracic 
echocardiography.

Target organ damage analyses
TOD analyses included the assessment of CIMT, presence 

of atheromatous plaques, and LVH. CIMT was defined as a 
thickness greater than or equal to 0.9mm,4 and presence of 
carotid plaques in carotid territory.4 LVH was defined as left 
ventricular mass/body surface area (g/m2) >115 (men) and 
>95 (women).4 

Ethical aspects
The present study followed the Brazilian Ethics Regulatory 

Resolution No. 466/12. This study was approved by the Ethics 
Committee of the Hospital das Clínicas da Universidade 
Federal de Goiás (CAAE:89488218.0.1001.5078). All study 
procedures were performed after obtaining written informed 
consent from the participants.

Statistical analysis
Statistical analysis was performed using Stata software 

version 14.0. Descriptive statistics were calculated using 
absolute and relative frequencies for qualitative variables. 
The Kolmogorov–Smirnov test was used to verify the data 
distribution of the variables.

Mean and standard deviation were calculated for 
quantitative variables with a normal distribution, while 
median and interquartile range were calculated for those 
with a skewed distribution.

Receiver operating characteristic (ROC) curves were 
constructed to determine the best PWV cut-off point for 
defining increased CIMT, presence of LVH, and presence 
of carotid plaques. For the construction of the ROC 
curve,30 sensitivity and specificity values were tested for the 
three variables that determined TOD (yes or no). For the 
construction of the curve, the cut-off point that presented 
the best combination of sensitivity and specificity in the three 
variables simultaneously was chosen. The PWV cut-off point 
was obtained through the ROC analysis to identify the best 
parameter for determining the three outcomes.

Sensitivity and specificity (ROC) were analyzed to estimate 
the discriminating power of the independent variables to 
identify the PWV value associated with LVH, increased 
IMT, and the presence of carotid plaques. When comparing 
the cut-off values, the best combination of sensitivity and 
specificity was verified by generating a defined value. 
Accordingly, the PWV was categorized as less than or 

greater than the defined value for comparisons with several 
sample variables established using the following tests: chi-
square (qualitative variables), unpaired t-test (quantitative 
variables with normal distribution), or Mann–Whitney U test 
(quantitative variables with skewed distribution). Statistical 
significance was set at p <0.05.

Results
Table 1 presents the characteristics of the 119 patients 

included in this study. 

The cut-off points for the PWV indicating increased CIMT, 
presence of LVH, and presence of carotid plaques defined 
using the ROC were 8.7 m/s, 8.2 m/s, and 8.1, respectively 
(Figure 1). 

Table 1 – Characteristics of the participants

Variable Average ± SD or
Median (IQR)

Age (years) 60.38 ±10.31

Body mass index (Kg/m2) 29.07 (26.67-32.89)

Variable n (%)

Sex

Men 36 (30.25)

Women 83 (69.75)

Overweight

Yes 102 (80.95)

No 24 (19.05)

Central blood pressure parameters (mmHg)

Central SBP 123 (114 - 133)

Central DBP 85 (78 - 94)

Peripheral SBP 131 (121 - 142)

Peripheral DBP 84 (77 - 93)

Central pulse pressure 37 (30 - 44)

Augmentation index 27 (15 - 25)

Peripheral vascular resistance 1.28 (1.16 – 1.46)

Pulse wave velocity (m/s) 8.9 ± 1.7

CIMT 

Normal 45 (37.82)

Thickened 74 (62.18)

CIMT (mm) 0.89 ± 0.40

Carotid plaques 

Yes 68 (57.14)

No 51 (42,86)

Left ventricular mass index (g/m2) 90 (71.3 – 113.6)

Uncontrolled blood pressure 49 (41.18)

DBP: diastolic blood pressure; SBP: systolic blood pressure; SD: 
standard deviation; IQR: interquartile range; CIMT: carotid intima-media 
thickness (CIMT).
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An analysis of the sensitivity and specificity of each biomarker 
was performed at the cut-off points of the three variables that 
were found through the ROC curve analysis – CIMT (8.7), LVMI 
(8.2), and carotid plaques (8.1). When comparing the cut-off 
points, the best combination of sensitivity and specificity was 
verified for the 8.2 value (Table 2). 

A summary is found in the Central Figure.
The comparison of sociodemographic characteristics, 

clinical variables, pressure, and central hemodynamic values 
between individuals above or below the cut-off point of 8.2 
showed a low frequency of overweight and high frequency 
of carotid plaques among patients with PWV > 8.2 m/s. 
Additionally, this group of were older and had higher central 
hemodynamic parameters, LVH, and CIMT than individuals 
with < 8.2 m/s PWV value (Table 3).

Discussion
In this study, a PWV above 8.2 m/s was statistically 

associated with increased CIMT, presence of carotid plaques, 
and LVH. According to the ROC analysis, the cut-off point 
showed better sensitivity than the other PWV values.

Evidently, risk assessment models capable of identifying 
individuals who are most likely to have complications in the 
early stages of the disease are desirable and required to reduce 
residual risk. A meta-analysis showed that the PWV value as 
a biomarker (TOD) presents important clinical differences in 
individuals with moderate or intermediate risk, demonstrating 
a 13% increase in the global risk classification within 10 years.15

Studies defining PWV reference values in healthy and 
CV risk populations have been published since the early 
2000’s.19,31,32 PWV values above 10 m/s have already been 
established by the main guidelines as TOD.4-6 Some studies 
have addressed the distribution of percentiles, however, there 
is a lack of research concerning cut-off points for normality 
and CV risk markers.

A meta-analysis identified thresholds for predictive 
performance of PWV, the cut-off points were 10.7 m/s for 
CV mortality (AUC 0.75 [95% CI, 0.69–0.81]) and 11.5 m/s 
for all-cause mortality (AUC 0.78 [95% CI, 0.74–0.83]).33 

A cohort study found a PWV cut-off point > 9.4 m/s to 
be associated with a higher incidence of mortality.34 These 
values are higher than those found in the present study. The 
SPARTE study used a value of PWV < 10 m/s to guide drug 
treatment; however, it did not show a reduction in major 
CV events.35 Also, it is questionable whether the stratified 
PWV values, rather than the value defined as TOD (10 m/s) 
were used to guide the treatment, due to the difference in 
results. Furthermore, the SPARTE study had a sample loss 
due to the COVID-19 pandemic, which may have affected 
their results. 

Various other parameters have been studied to identify 
lesions. A Chinese study found an optimal blood pressure 
cut-off point to identify atherosclerosis; the blood pressure 
indexes had a high predictive performance with an optimal 
cut-off point of 123.5/73.5 mmHg at p<0.01.36 The PWV 
has been used to assess subclinical atherosclerosis scores 
in asymptomatic individuals.37 The association of PWV 
with CIMT, combined with a vascular aging index (Vascular 
Aging Index, VAI) promotes better prediction of CV events 
by reclassifying patients with no previous CV events.38 This 
early identification facilitates an individualized approach. 

A European study19 distinguished “normal” and “reference 
values” for PWV; however, the PWV value that has the 
greatest association with biomarkers remains poorly 
understood. The current study found that a PWV of 8.2 m/s 
may enable early identification of increased cardiovascular 
risk and help establish values that can be considered normal. 
The PWV analysis has advantages over diagnostic tests, such 
as it reduces demands on the healthcare system and is highly 
accessible, less invasive, less dangerous, less expensive, less 
time-consuming, and less physically and psychologically 
uncomfortable for patients.39 

This study did not analyze a new threshold for TOD, but 
determined a cut-off point for PWV from the previously 
established reference values.11,19 The study defined a value 
that can identify early TOD development and establish values 
of PWV that may be considered abnormal. 

A significant association was found between the biomarkers 
and PWV values    > 8.2 m/s. These findings indicate that a 
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PWV lower than 10 m/s but higher than 8.2 m/s should be 
considered as the cut-off point associated with increased 
CIMT, presence of carotid plaques, and LVH. Furthermore, it 
may help establish values that can be considered abnormal in 
the previously published reference population studies. 

This study had some limitations. One of the limitations was 
the sample size, which may have been responsible for the AUC 
values, although they were statistically significant.40 Future studies 
with a large sample size, multiple centers, and longer study 
duration may provide percentile values of PWV related to TOD. 

Table 3 – Sample characteristics and comparison according to the PWV value above or below the cut-off value of 8.2 m/s, n=119, 2018–2019

Variable PWV < 8.2 PWV ≥ 8.2 p

n 49 70

Sex   0.090

Male 19 (38.78) 17 (24.29) 

Female 30 (61.22) 53 (75.71) 

Overweight   0.010

Yes 45 (91.84) 51 (72.86)  

No 4 (8.16) 19 (27.14)  

BMI   0.004 

Normal 26 (57.78) 19 (42.22) 

Altered 23 (31.08) 51 (68.92)  

Carotid plaques   0.003 

No 36 (73.47) 32 (45.71) 

Yes 13 (26.53) 38 (54.29)  

Age (years) 51.59 ±5.85 66.54 ±8.04 0.001

BMI (Kg/m2) 29.33 (26.99–32.88) 28.45 (26.31–32.89) 0.205

cSBP 117 (112–125) 126.5 (117–143) <0.001

cDBP 84 (76–92) 86 (78–96) 0.338

pSBP 123 (119–131) 136 (125–149) <0.001

pDBP 83 (76–92) 85 (77–94) 0.595

cPP 31 (28–39) 40,5 (34–47) <0.001

AIX 16 (10–29) 30.5 (21–37) <0.001

PVR 1.26 (1.16–1.43) 1.33 (1.2–1.46) 0.114

LVH 78.9 (68.1–93.6) 98 (79–123.8) <0.001

IMT 0.78 ± 0.41 0.96 +0.38 0.015

AIX: augmentation index; BMI: body mass index; cDBP: central diastolic blood pressure; cPP: central pulse pressure; cSBP: central systolic blood pressure; 
IMT: intima-media thickness; LVH: left ventricular hypertrophy; pDBP: peripheral diastolic blood pressure; pSBP: peripheral systolic blood pressure; PVR: 
peripheral vascular resistance; PWV: pulse wave velocity.

Table 2 – Sensitivity and specificity of pulse wave velocity values   found through the ROC analysis for carotid intima-media thickness 
(CIMTC), left ventricular hypertrophy (LVH), and presence of carotid plaques

Cut-off

IMT LVH Carotid plaques

Sen. (%) 
(95% CI)

Spe. (%)
(95% CI)

Sen. (%)
(95% CI)

Spe. (%)
(95% CI)

Sen. (%)
(95% CI)

Spe. (%)
(95% CI)

8.1 75.68 (64.3-8.9)
55.56

(40.0-70.4)
*- -

80.39
(66.9-90.2)

48.53
(36.2-61.0)

8.2
68.92

(57.1-79.2)
57.78

(42.2-72.3)
87.18

(72.6-95.7)
55.00

(43.5-66.2)
74.51

(60.4-85.7)
52.94

(40.4-65.2)

8.7
62.16

(50.1-73.2)
75.56

(60.5-87.1)
74.36

(57.9-87.0)
65.00

(53.5-75.3)
60.78

(46.1-74.2)
61.76

(49.2-73.3)

CIMT: carotid intima-media thickness; Sen.: sensitivity; Spe.: specificity. * There was no participant with LVH at a speed of 8.1m/s
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We point out that the BP measurement was performed in 
only one arm, but since the differences between the right and 
left arms are rare, we believe that it was not relevant to what 
we found. Glucose and cholesterol levels, the presence or 
not of diabetes and race/color data were not available for all 
patients and were not considered for the analysis of this study. 

Further studies are required to determine the percentile 
that should be considered to identify the onset of subclinical 
lesions, and the values that should be used in reports of central 
pressure measurements, described as normal and abnormal 
PWV values. 

Conclusion
A significant association was found between the biomarkers 

and PWV values > 8.2 m/s. These findings indicate that a 
PWV above 8.2 m/s should be considered as a cut-off point 
associated with increased CIMT and the presence of carotid 
plaques and LVH. The 8.2 m/s value may be more sensitive 
in early identifying the existence of biomarkers. 

Author Contributions
Conception and design of the research: Vitorino PVO, Barroso 

WKS; Acquisition of data: Inuzuka S, Barroso AS, Alves Filho 
RPP; Melo VA, Oliveira LF; Analysis and interpretation of the 
data: Inuzuka S, Vitorino PVO, Barroso WKS; Statistical analysis: 

Vitorino PVO; Obtaining financing: Barroso WKS; Writing of the 
manuscript: Inuzuka S; Critical revision of the manuscript for 
important intellectual content: Souza ALL, Jardim PCBV, Coca 
A, Barroso WKS; Article formatting: Magalhães FG, Sousa AC.

Potential conflict of interest 
No potential conflict of interest relevant to this article was 

reported. 

Sources of funding 
There were no external funding sources for this study. 

Study association 
This article is part of the thesis of doctoral submitted by 

Sayuri Inuzuka, from Programa de Pós-Graduação em Ciências 
da Saúde da Universidade Federal de Goiás.

Ethics approval and consent to participate 
This study was approved by the Ethics Committee of the 

Hospital das Clínicas da Universidade Federal de Goiás under 
the protocol number CAAE:89488218.0.1001.5078. All the 
procedures in this study were in accordance with the 1975 
Helsinki Declaration, updated in 2013. Informed consent was 
obtained from all participants included in the study.

1. Vlachopoulos C, Xaplanteris P, Aboyans V, Brodmann M, Cífková R, 
Cosentino F, et al. The Role of Vascular Biomarkers for Primary and 
Secondary Prevention. A Position Paper from the European Society 
of Cardiology Working Group on Peripheral Circulation: Endorsed 
by the Association for Research into Arterial Structure and Physiology 
(ARTERY) Society. Atherosclerosis. 2015;241(2):507-32. doi: 10.1016/j.
atherosclerosis.2015.05.007. 

2. Sehestedt T, Jeppesen J, Hansen TW, Wachtell K, Ibsen H, Torp-Pedersen C, et 
al. Risk Prediction is Improved by Adding Markers of Subclinical Organ Damage 
to SCORE. Eur Heart J. 2010;31(7):883-91. doi: 10.1093/eurheartj/ehp546. 

3. Vlachopoulos C, Aznaouridis K, Stefanadis C. Prediction of Cardiovascular 
Events and All-Cause Mortality with Arterial Stiffness: A Systematic Review 
and Meta-Analysis. J Am Coll Cardiol. 2010;55(13):1318-27. doi: 10.1016/j.
jacc.2009.10.061.

4. Barroso WKS, Rodrigues CIS, Bortolotto LA, Mota-Gomes MA, Brandão 
AA, Feitosa ADM, et al. Brazilian Guidelines of Hypertension - 2020. Arq 
Bras Cardiol. 2021;116(3):516-658. English, Portuguese. doi: 10.36660/
abc.20201238. 

5. Williams B, Mancia G, Spiering W, Rosei EA, Azizi M, Burnier M, et al. 2018 
ESC/ESH Guidelines for the Management of Arterial Hypertension. Eur Heart 
J. 2018;39(33):3021-104. doi: 10.1093/eurheartj/ehy339.

6. Whelton PK, Carey RM, Aronow WS, Casey DE Jr, Collins KJ, Dennison 
Himmelfarb C, et al. 2017 ACC/AHA/AAPA/ABC/ACPM/AGS/APhA/ASH/
ASPC/NMA/PCNA Guideline for the Prevention, Detection, Evaluation, and 
Management of High Blood Pressure in Adults: A Report of the American 
College of Cardiology/American Heart Association Task Force on Clinical 
Practice Guidelines. Hypertension. 2018;71(6):e13-e115. doi: 10.1161/
HYP.0000000000000065. 

7. van Bortel LM, Laurent S, Boutouyrie P, Chowienczyk P, Cruickshank JK, De 
Backer T, et al. Expert Consensus Document on the Measurement of Aortic 

Stiffness in Daily Practice Using Carotid-Femoral Pulse Wave Velocity. J 
Hypertens. 2012;30(3):445-8. doi: 10.1097/HJH.0b013e32834fa8b0. 

8. Cavalcante JL, Lima JA, Redheuil A, Al-Mallah MH. Aortic Stiffness: Current 
Understanding and Future Directions. J Am Coll Cardiol. 2011;57(14):1511-
22. doi: 10.1016/j.jacc.2010.12.017. 

9. Gómez-Sánchez M, Patino-Alonso MC, Gómez-Sánchez L, Recio-Rodríguez 
JI, Rodríguez-Sánchez E, Maderuelo-Fernández JA, et al. Reference Values of 
Arterial Stiffness Parameters and their Association with Cardiovascular Risk 
Factors in the Spanish Population. The EVA Study. Rev Esp Cardiol (Engl Ed). 
2020;73(1):43-52. doi: 10.1016/j.rec.2019.04.016. 

10. Sougawa Y, Miyai N, Utsumi M, Miyashita K, Takeda S, Arita M. Brachial-Ankle 
Pulse Wave Velocity in Healthy Japanese Adolescents: Reference Values for 
the Assessment of Arterial Stiffness and Cardiovascular Risk Profiles. Hypertens 
Res. 2020;43(4):331-41. doi: 10.1038/s41440-019-0370-z. 

11. Paiva AMG, Mota-Gomes MA, Brandão AA, Silveira FS, Silveira MS, Okawa 
RTP, et al. Reference Values of Office Central Blood Pressure, Pulse Wave 
Velocity, and Augmentation Index Recorded by Means of the Mobil-O-
Graph PWA Monitor. Hypertens Res. 2020;43(11):1239-48. doi: 10.1038/
s41440-020-0490-5. 

12. Boutouyrie P, Bruno RM. The Clinical Significance and Application of 
Vascular Stiffness Measurements. Am J Hypertens. 2019;32(1):4-11. doi: 
10.1093/ajh/hpy145.

13. Laurent S, Boutouyrie P, Asmar R, Gautier I, Laloux B, Guize L, et al. Aortic 
Stiffness is an Independent Predictor of All-Cause and Cardiovascular 
Mortality in Hypertensive Patients. Hypertension. 2001;37(5):1236-41. 
doi: 10.1161/01.hyp.37.5.1236. 

14. Boutouyrie P, Tropeano AI, Asmar R, Gautier I, Benetos A, Lacolley P, et al. 
Aortic Stiffness is an Independent Predictor of Primary Coronary Events in 
Hypertensive Patients: A Longitudinal Study. Hypertension. 2002;39(1):10-
5. doi: 10.1161/hy0102.099031. 

References

6



Arq Bras Cardiol. 2023; 120(10):e20220934

Original Article

Inuzuka et al.
PWV Threshold and Target Organ Damage

This is an open-access article distributed under the terms of the Creative Commons Attribution License

15. Ben-Shlomo Y, Spears M, Boustred C, May M, Anderson SG, Benjamin 
EJ, et al. Aortic Pulse Wave Velocity Improves Cardiovascular Event 
Prediction: An Individual Participant Meta-Analysis of Prospective 
Observational Data from 17,635 Subjects.  J  Am Coll  Cardiol. 
2014;63(7):636-46. doi: 10.1016/j.jacc.2013.09.063.

16. Fagundes RR, Vitorino PVO, Lelis ES, Jardim PCBV, Souza ALL, 
Jardim TSV, et al. Relationship between Pulse Wave Velocity and 
Cardiovascular Biomarkers in Patients with Risk Factors. Arq Bras 
Cardiol. 2020;115(6):1125-32. doi: 10.36660/abc.20190348.

17. Tan J, Pei Y, Hua Q, Xing X, Wen J. Aortic Pulse Wave Velocity is 
Associated with Measures of Subclinical Target Organ Damage 
in  Pat ients  wi th  Mi ld  Hyper tens ion.  Ce l l  B iochem Biophys . 
2014;70(1):167-71. doi: 10.1007/s12013-014-9876-9. 

18. Sumbul HE, Koc AS, Demirtas D. Increased Carotid-Femoral Pulse 
Wave Velocity and Common Carotid Artery Intima-Media Thickness 
Obtained to Assess Target Organ Damage in Hypertensive Patients 
are Closely Related. Clin Exp Hypertens. 2019;41(5):466-73. doi: 
10.1080/10641963.2018.1506471.

19. Reference Values for Arterial Stiffness’ Collaboration. Determinants 
of Pulse Wave Velocity in Healthy People and in the Presence of 
Cardiovascular Risk Factors: ‘Establishing Normal and Reference Values’. 
Eur Heart J. 2010;31(19):2338-50. doi: 10.1093/eurheartj/ehq165. 

20. Baier D, Teren A, Wirkner K, Loeffler M, Scholz M. Parameters of 
Pulse Wave Velocity: Determinants and Reference Values Assessed 
in the Populat ion-Based Study LIFE-Adul t .  Cl in Res Cardiol . 
2018;107(11):1050-61. doi: 10.1007/s00392-018-1278-3. 

21. Aristizábal-Ocampo D, Espíndola-Fernández D, Gallo-Villegas J. 
Pulse Wave Velocity Reference Values in 3,160 Adults Referred 
to a Hypertension Clinic for 24-Hour Ambulatory Blood Pressure 
Moni to r ing .  C l in  Exp  Hyper tens .  2019;41(8 ) :759-65.  do i : 
10.1080/10641963.2018.1545853. 

22. Nut ta l l  FQ.  Body Mass  Index:  Obes i ty,  BMI ,  and Hea l th:  A 
Critical Review. Nutr Today. 2015;50(3):117-28. doi: 10.1097/
NT.0000000000000092. 

23. Hametner B, Wassertheurer S, Kropf J, Mayer C, Eber B, Weber T. 
Oscillometric Estimation of Aortic Pulse Wave Velocity: Comparison 
with Intra-Aortic Catheter Measurements. Blood Press Monit. 
2013;18(3):173-6. doi: 10.1097/MBP.0b013e3283614168. 

24. Papaioannou TG, Argyris A, Protogerou AD, Vrachatis D, Nasothimiou 
EG, Sfikakis PP, et al. Non-Invasive 24 Hour Ambulatory Monitoring of 
Aortic Wave Reflection and Arterial Stiffness by a Novel Oscillometric 
Device: The First Feasibility and Reproducibility Study. Int J Cardiol. 
2013;169(1):57-61. doi: 10.1016/j.ijcard.2013.08.079. 

25. Weber T, Wassertheurer S, Rammer M, Maurer E, Hametner B, Mayer 
CC, et al. Validation of a Brachial Cuff-Based Method for Estimating 
Central Systolic Blood Pressure. Hypertension. 2011;58(5):825-32. 
doi: 10.1161/HYPERTENSIONAHA.111.176313. 

26. Wei W, Tölle M, Zidek W, van der Giet M. Validation of the Mobil-O-
Graph: 24 h-Blood Pressure Measurement Device. Blood Press Monit. 
2010;15(4):225-8. doi: 10.1097/MBP.0b013e328338892f. 

27. Stein JH, Korcarz CE, Hurst RT, Lonn E, Kendall CB, Mohler ER, et al. 
Use of Carotid Ultrasound to Identify Subclinical Vascular Disease and 
Evaluate Cardiovascular Disease Risk: A Consensus Statement from the 
American Society of Echocardiography Carotid Intima-Media Thickness 

Task Force. Endorsed by the Society for Vascular Medicine. J Am Soc 
Echocardiogr. 2008;21(2):93-111; quiz 189-90. doi: 10.1016/j.
echo.2007.11.011. 

28. Oates CP, Naylor AR, Hartshorne T, Charles SM, Fail T, Humphries 
K, et al. Joint Recommendations for Reporting Carotid Ultrasound 
Investigations in the United Kingdom. Eur J Vasc Endovasc Surg . 
2009;37(3):251-61. doi: 10.1016/j.ejvs.2008.10.015. 

29. Lang RM, Badano LP, Mor-Avi V, Afilalo J, Armstrong A, Ernande L, 
et al. Recommendations for Cardiac Chamber Quantification by 
Echocardiography in Adults: An Update from the American Society 
of Echocardiography and the European Association of Cardiovascular 
Imaging. J Am Soc Echocardiogr. 2015;28(1):1-39.e14. doi: 10.1016/j.
echo.2014.10.003. 

30. Nahm FS. Receiver Operating Characteristic Curve: Overview and Practical 
Use for Clinicians. Korean J Anesthesiol. 2022;75(1):25-36. doi: 10.4097/
kja.21209. 

31. Shiburi CP, Staessen JA, Maseko M, Wojciechowska W, Thijs L, Van Bortel 
LM, et al. Reference Values for SphygmoCor Measurements in South Africans 
of African ancestry. Am J Hypertens. 2006;19(1):40-6. doi: 10.1016/j.
amjhyper.2005.06.018. 

32. Liu XN, Gao HQ, Li BY, Zhang ZM, Gao XM, Mi FH, et al. Determination of 
the Aortic Pulse Wave Velocity in 545 Healthy Subjects. Zhonghua Liu Xing 
Bing Xue Za Zhi. 2006;27(4):356-8.

33. Sequí-Domínguez I, Cavero-Redondo I, Álvarez-Bueno C, Pozuelo-
Carrascosa DP, Nuñez de Arenas-Arroyo S, Martínez-Vizcaíno V. Accuracy 
of Pulse Wave Velocity Predicting Cardiovascular and All-Cause Mortality. 
A Systematic Review and Meta-Analysis. J Clin Med. 2020;9(7):2080. doi: 
10.3390/jcm9072080. 

34. Vishram-Nielsen JKK, Laurent S, Nilsson PM, Linneberg A, Sehested 
TSG, Greve SV, et al. Does Estimated Pulse Wave Velocity Add Prognostic 
Information?: MORGAM Prospective Cohort Project. Hypertension. 
2020;75(6):1420-8. doi: 10.1161/HYPERTENSIONAHA.119.14088. 

35. Laurent S, Chatellier G, Azizi M, Calvet D, Choukroun G, Danchin N, et al. SPARTE 
Study: Normalization of Arterial Stiffness and Cardiovascular Events in Patients with 
Hypertension at Medium to Very High Risk. Hypertension. 2021;78(4):983-95. 
doi: 10.1161/HYPERTENSIONAHA.121.17579. 

36. Yu L, Yan J, Yang C, Gao Y, Wang A, Huang H. Predictive Performance and Optimal 
Cut-Off Points of Blood Pressure for Identifying Arteriosclerosis Among Adults in 
Eastern China. Int J Environ Res Public Health. 2021;18(17):8927. doi: 10.3390/
ijerph18178927. 

37. Mitu O, Crisan A, Redwood S, Cazacu-Davidescu IE, Mitu I, Costache II, et al. 
The Relationship between Cardiovascular Risk Scores and Several Markers 
of Subclinical Atherosclerosis in an Asymptomatic Population. J Clin Med. 
2021;10(5):955. doi: 10.3390/jcm10050955. 

38. Wadström BN, Fatehali AH, Engström G, Nilsson PM. A Vascular Aging 
Index as Independent Predictor of Cardiovascular Events and Total Mortality 
in an Elderly Urban Population. Angiology. 2019;70(10):929-37. doi: 
10.1177/0003319719857270. 

39. Trevethan R. Sensitivity, Specificity, and Predictive Values: Foundations, Pliabilities, 
and Pitfalls in Research and Practice. Front Public Health. 2017;5:307. doi: 
10.3389/fpubh.2017.00307.

40. Polo TCF, Miot HA. Aplicações da Curva ROC em Estudos Clínicos e Experimentais. 
J Vasc Bras. 2020;19:e20200186. doi: 10.1590/1677-5449.200186.

7


