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The screening and management of 
moderate-to-high risk groups for car-
diovascular (CV) events is important to 
reduce mortality, morbidity, and the 
socioeconomic burden associated with 
cardiovascular diseases (CVDs). Future 
CV events have traditionally been pre-
dicted using an algorithm that com-
bines conventional atherosclerotic risk 
factors. However, vascular biomarkers 
such as carotid ultrasonography, the 
ankle-brachial index, arterial stiffness, 
central hemodynamics and wave re-
flections, endothelial function, and cir-
culating biomarkers related to vascular 
wall biology are also suggested for the 
primary and secondary prevention of 
CV events [1]. 

Arterial stiffness is basically a dis-
ease of the arterial media; it is related 
to normal or accelerated aging. Indeed, 
as Thomas Sydenham said, “A man is 
as old as his arteries.” Other atheroscle-
rotic risk factors such as hypertension, 
diabetes, dyslipidemia, or smoking can 
change the mechanical properties of 
the arterial wall, leading to stiffness. A 
number of invasive and non-invasive 
methods and indices have been de-
veloped to estimate arterial stiffness; 
among them, pulse wave velocity (PWV) 
is the most commonly used technique 
to measure arterial stiffness. PWV is the 
speed of an arterial pulsation when it is 
propagating through the arterial tree. 

Measurement of the carotid-femoral 
pulse wave velocity (cfPWV) is a pop-
ular and validated method, especially 
in Western countries. Its value in im-
proving the prediction of CV events 
beyond conventional risk factors was 
shown in a meta-analysis of prospec-
tive observational data [2]; cfPWV was 
a predictor of coronary heart disease, 
stroke, and CV events, even after ad-
justing for conventional risk factors 
such as sex, age, systolic blood pressure 
(BP), serum cholesterol level, serum 
high density lipoprotein cholesterol 
(HDL-C) level, smoking status, diabe-
tes, and antihypertensive medications. 
According to 2018 European Society 
of Cardiology/European Society of 
Hypertension [3] and 2018 Korean So-
ciety of Hypertension (KSH) guide-
lines for the management of arterial 
hypertension [4], a cfPWV > 10 m/sec  
is considered to indicate hyperten-
sion-mediated organ damage. 

To be widely used as a screening tool 
in the general population, a test should 
be simple, convenient, reproducible, 
and operator-independent. Although 
measurement of the cfPWV is a ref-
erence technique to evaluate arterial 
stiffness, the required exposure of the 
inguinal area and technical experience 
needed for carotid and femoral pulse 
recording mean that the cfPWV is 
mainly used in research settings rath-
er than daily clinical practice. In this 
regard, the brachial-ankle pulse wave 
velocity (baPWV) may be an alternative 
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index for arterial stiffness. Measurement of the baPWV 
requires wrapping BP cuffs on four extremities; thus, 
it is a suitable method for estimating arterial stiffness 
in a routine clinical setting or population-based study 
[5]. The proof of concept, prospective validation, and 
incremental value for predicting future CV events has 
been established with ease of use [1]. A meta-analysis 
of prospective studies of Japanese individuals without 
CVD showed that a higher baPWV was associated with a 
higher risk of CVD, and the addition of the baPWV to a 
patient’s Framingham risk score (FRS) improved the ef-
ficacy for predicting CVD [6]. The proposed cut-off baP-
WV value to define a stiff artery is 18 m/sec [7]. According 
to KSH 2018 guidelines for the management of arterial 
hypertension, a baPWV > 18 m/sec is considered to indi-
cate subclinical target organ damage in hypertension [4]. 
However, the application of the baPWV has been mainly 
confined to Japan and other East Asian countries. The 
clinical utility, clinical outcomes, and cost-effectiveness 
of the baPWV have not been fully validated in Western 
countries. Calculating the distance of wave propagation 
using a height-based formula is another issue to be val-
idated in diverse ethnic groups [1].

The usefulness of the baPWV as a vascular marker 
could be shown through a comparison with multivariate 
risk-predicting systems. In the latest issue of the Korean 
Journal of Internal Medicine, Rhee et al. [8] reported a cor-
relation between baPWV and four different risk-scor-
ing systems. They compared baPWV not only with the 
original FRS but also the revised FRS, Adult Treatment 
Panel III revised FRS or generalized FRS, and the recent-
ly proposed American College of Cardiology/American 
Heart Association CVD risk equation, whose outcome 
parameters include stroke as well as coronary heart dis-
ease. They did not present a cut-off value that classified 
high-risk groups for future CV events, but the possible 
prognostic role of baPWV as a vascular biomarker was 
shown by proving a significant correlation with the risk 
scores from these four risk-prediction algorithms. They 
also showed that the correlation was stronger in women 
than in men, implying better performance of the baP-
WV in women for predicting CV risk in a healthy pop-
ulation. 

Sex differences in arterial stiffness are controversial, 
and diverse views have been reported. In the study of 
Rhee et al. [8], the baPWV was higher in women than in 

men; however, because the women were older than the 
men, and age is one of the most powerful determining 
factors for the baPWV, this result was expected. In a Japa-
nese study, the baPWV was lower in women than in men 
until age 60 and then became similar over the age of 60; 
moreover, the coefficient of the effect of age on baPWV 
was larger in women than in men [9]. The correlation 
coefficients between baPWV and other conventional CV 
risk factors (e.g., mean BP, body mass index, total cho-
lesterol level, HDL-C level, and triglyceride level) were 
also higher in women than in men, in accordance with 
the findings of Rhee et al. [8]. The mechanism underly-
ing the reported sex differences in the correlation power 
between baPWV and CV risk score is unknown. Being 
male is an important determinant of one’s CV risk score, 
and it may weaken the role of other risk factors in the 
algorithms. 

On the other hand, a Brazilian population-based study 
showed that the slope of the age-related increase in cfP-
WV was similar between men and women, and CV risk 
factors made this slope steeper without sex differences, 
although the cfPWV of men was higher for all age inter-
vals after adjusting for mean BP [10]. A direct comparison 
of sex differences in baPWV and cfPWV with aging was 
possible in one report that used the same equipment to 
measure the baPWV and cfPWV in the same people [11]. 
The main results of that study were that the baPWV and 
cfPWV increased with age, and both values were lower in 
females than in males. It was also shown that the baPWV 
was lower in women until age 50; after that, the values 
in men and women became similar, but the cfPWV was 
higher in men of all age groups. The increase in baPWV 
from the third to the seventh decades of life was greater 
in females, but that in cfPWV was similar in both sexes. 
These findings suggest that a stronger correlation with 
CV risk-prediction scores in women may only be appli-
cable in terms of the baPWV; this point should be clari-
fied in future studies. 

In a stiff arterial system, the velocities of the backward 
reflection wave and forward flow are rapid enough for 
the early return of reflected waves during systole rather 
than diastole, resulting in an increased central systolic 
BP and pulse pressure (PP), decreased PP amplification 
(the ratio of the peripheral to central PP), increased left 
ventricular afterload, and decreased coronary blood flow 
[7]. These phenomena are more evident in women than 
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in men mainly due to their shorter height, smaller large 
artery diameter, and lower large and small artery elas-
ticity—even though the PWV is similar in both sexes. It 
was also shown that the aortic characteristic impedance 
was higher while the total arterial compliance was low-
er in women, and the interaction of those indices with 
left ventricular diastolic function or ventricular-arterial 
coupling was only observed in women [12]; this may ex-
plain why heart failure with a preserved ejection fraction 
is more common in women. 

The arteries and heart of women are a deep ocean that 
must be explored in sex-specific studies to prevent CVD 
in older females.
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