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

Markers of  subclinical atherosclerosis have been 
described in the last decade, and were used mainly 
as research tools. Since some of  them can be now 
assessed by commercially available devices, they are 
ready to be used in routine clinical practice. These 
are: (1) markers of  endothelial dysfunction; (2) arterial 
stiffness; (3) intima-media thickness; and (4) the ankle-
brachial index.
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


The normal endothelium, an autocrine, paracrine, 
and endocrine organ, plays a key role in the vessel 
protection against atherosclerosis, by regulating 
vascular tone, lipid breakdown, infl ammation, vessel 
growth, and thrombogenesis. Conventional risk factors 
can promote atherosclerosis by inducing endothelial 
dysfunction, through the decrease of  bioavailability of  
nitric oxide (NO), which is the main mediator of  the 
abovementioned endothelial functions.1 

A dysfunctional endothelium may lose its ability to 
exert its protective effect on the vascular system, and 
thus can be an important factor in the development 
and progression of  the atherosclerotic process.1,2  

This is not surprising, since it is well proved now that 
atherosclerosis initially involves the infi ltration of  LDL 
through the dysfunctional endothelium, followed by 
their oxidation in the arterial intima. Modifi cation of  
LDL leads to the release of  phospholipids that can 




  319

potentate the dysfunction of  the endothelium, with 
the activation of  the infl ammatory process and release 
of  growth factors, resulting in vascular smooth muscle 
cell proliferation and collagen matrix production.3

Endothelial function is most commonly measured 
non-invasively as the vasodilator response to shear 
stress in the brachial artery, technique labeled as fl ow-
mediated vasodilatation (FMD). (Fig. 1) Shear stress is 
induced by releasing a sphygmomanometric cuff  after 
a 5-minutes over-infl ation (at least 50 mmHg above 
systolic pressure in order to occlude the arterial infl ow) 
at the forearm level. This induces a brief  high-fl ow 
state through the brachial artery (reactive hyperemia), 
which provokes the endothelium to release nitric oxide 
with subsequent vasodilatation, that can be imaged 
and quantifi ed by high-quality ultrasounds technique. 
Flow-mediated vasodilatation (FMD) is typically 
expressed as the change in post- shear stress diameter 
as a percentage of  the baseline diameter.1

Although this technique assesses only the 
vasomotor function of  the endothelium, it is attractive 
because it is non-invasive and allows repeated 
measurements.1 Moreover, there are important data 
suggesting that forearm endothelial dysfunction is a 
marker of  future cardiovascular events.2 (Fig. 2) Since 
fl ow-mediated vasodilatation is now an expanding 
technique, being commercially available on the new-
generation echocardiographic machines, we might 
speculate that assessment of  endothelial function 
will be an important step in the evaluation of  the 
atherosclerotic risk in the near future.

Another marker of  endothelial function, 
indicating the hyperpermeability of  endothelium 
to macromolecules, is the microalbuminuria. An 
urinary albumin secretion of  more than 10 mg/24 h 
(corresponding to an urinary albumine/creatinine 
ratio of  > 1 mg/mmol) is associated with a signifi cant 
increase in the risk of  atherosclerotic disease in the 
general population.4

Endothelial dysfunction can now be targeted 
with different therapeutic strategies, such as statins, 
ACE-inhibitors, nebivolol, etc.1 However, how much 
this technique can add to the current risk assessment 
scores and how it can be used to monitor treatment 
needs further evaluation.



Endothelial dysfunction and incipient 
atherosclerosis make arteries to get stiffer and, 
therefore, increased arterial stiffness is now considered 
a marker of  subclinical atherosclerosis.
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
    

        





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Stiffness, or reduced compliance of  large arteries, 
modifi es arterial wave refl ection timing. Ventricular 
ejection generates a primary (or forward) pressure 
wave, which moves away from the heart at a speed 
labeled pulse wave velocity (PWV). The incident 
wave is refl ected from the arterial tree, generating a 
backward wave, traveling towards the heart. In young 
subjects, the pulse wave velocity is low, and so the 
refl ected pulse wave reaches the aorta after the closure 
of  the aortic valve. Therefore, systolic blood pressure 
in the aorta is unchanged, and the backward wave 
increases the central diastolic pressure with increase of  
the coronary perfusion pressure, this being the main 
physiological mechanism by which coronary perfusion 
is increased in diastole. In patients with risk factors, 
such as hypertension or diabetes, pulse wave velocity is 
increased from 5 up to 20 m/s, causing an early return 
of  the backward wave from the periphery to the aorta. 
This reach the aorta during left ventricular ejection, 
adding additional pressure load and increasing central 
systolic blood pressure, with decreasing of  central 
diastolic pressure and coronary perfusion.5,6 

The consequences are represented by increase 
of  left ventricular afterload and ventricular oxygen 
consumption, associated with a reduced subendocardial 
coronary blood fl ow during diastole.7 These 
mechanisms might cause left ventricular dysfunction, 
since we proved that increased arterial stiffness can 
cause dysfunction of  the subendocardial muscle layers 
of  the left ventricle.8 Moreover, large artery stiffness 
has shown recently to be an independent predictor of  
all-cause and cardiovascular mortality in patients with 
hypertension.9,10 (Fig. 3) The odds ratio of  being in the 
group at high risk of  cardiovascular mortality (> 5% 
for 10 years) for patients with a pulse wave velocity 
greater than 13.5 m/s was 7.1 (95% CI 4.5-11.3).10


         


Pulse wave velocity is measured usually at the level 
of  the leg, as the distance between two points in the 
line of  travel of  the pulse wave, divided by the time 
delay. Different devices are commercially available. 
Typical values range from 5 m/s to 20 cm/s.5 Recently, 
new software has been available for the measurement 
of  single-point pulse wave velocity at the level of  the 
carotid artery.8 However, this software is still under 
validation, and more data are needed to implement it 
in clinical practice.

According to the current guidelines, measurement 
of  arterial stiffness might improve assessment of  the 
global cardiovascular risk, and might prove to be a 
better therapeutic target than the simple measurement 
of  blood pressure.11 Thus, an important goal of  drug 
treatment of  hypertension should be to modify arterial 
stiffness, independently of  the reduction of  blood 
pressure, but there is still uncertainty over the effects 
of  antihypertensive agents on large artery properties. 
However, a number of  studies have suggested that 
ACE inhibitors (ramipril, quinapril, perindopril, and 
lisinopril) and, to a lesser extent, some of  the calcium 
channel antagonists, i.e. amlodipine, felodipine, 
nicardipine, and nitrendipine, can reduce pulse wave 
velocity, whereas beta-blockers and diuretics have 
no effects on these parameters.12 And indeed, a very 
recent large study has shown that the combination 
amlodipine + perindopril can signifi cantly lower 
central aortic pressure by decreasing arterial stiffness 
than the combination atenolol + thiazide, despite a 
similar impact on brachial blood pressure, and this was 
associated with a better outcome on the major end-
points, such as total cardiovascular events/procedures 
and development of  renal impairment.13

Long-term nitrates, by increasing the diameter of  
the peripheral muscular arteries, can delay the refl ected 
wave, and therefore decrease central systolic blood 
pressure. Recent clinical studies suggested that low-
dose nitrates might be benefi cial in reducing isolated 
systolic hypertension when added to ACE-inhibitors 
or angiotensin receptor blockers.14 Promising results 
have been also reported with NO donors, such as the 
selective beta-blocker nebivolol, but long-term studies 
are needed in patients with hypertension.15



Intima-media thickness (IMT) is a marker of  
subclinical atherosclerosis at the level of  the carotid 
arteries. It is measured by high-frequency (≥ 8 MHz) 
ultrasound transducers in both carotid arteries, on the 
distal straight 1 cm of  the common carotid arteries, 
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the carotid bifurcations, and the proximal 1 cm of  
the internal carotid arteries. The carotid IMT is 
determined as the average of  12 measurements (both 
sides 6 measurements each from the near and far wall 
of  each of  the three segments). A value > 1.3 mm is 
considered abnormal.4

Subjects without known cardiovascular disease 
with increased IMT are at increased risk for coronary 
artery disease and stroke. Thus, a 0.2 mm thicker 
carotid IMT was associated with a 33% increase in 
relative risk for myocardial infarction, and a 28% 
increase in relative risk for stroke.16 Moreover, a recent 
study has shown that IMT increases with advancing 
coronary artery disease, patients with mean IMT 
over 1.15 mm presenting a 94% likelihood of  having 
coronary artery disease.17 Meanwhile, in another 
recent study IMT was independently associated with 
the risk of  stroke, with an odds ratio of  1.68 (95% 
CI 1.25-2.26).18

Measurement of  IMT has the potential to 
improve the assessment of  global cardiovascular 
risk. And indeed, it has been demonstrated recently 
that Framingham risk score increased progressively 
according to tertiles of  IMT. Thus, with increasing 
IMT, the 10-year Framingham risk score increased 
gradually between 10% and 20% in the presence of  
carotid plaques, and between 5% and 20% in the 
absence of  carotid plaques.18 Furthermore, carotid 
IMT can be used as a surrogate marker in order to 
monitor the effects of  different drugs, such as statins 
or calcium-antagonists, on the regression of  the 
atherosclerotic process.16

 


Ankle-brachial blood pressure index (ABI) is an 
easy-to-perform, inexpensive, and reproducible non-
invasive test to detect subclinical atherosclerosis.4  

Technical requirements consist of  a regular blood 
pressure cuff  and a Doppler ultrasonic sensor. Systolic 
blood pressure is measured in the brachial artery in 
both arms, by use of  the Doppler detector in the 
antecubital fossa. The blood pressure cuff  is then 
applied to the ankle, and the Doppler sensor is used to 
determine systolic blood pressure at the left and right 
posterior tibial arteries and dorsalis pedis arteries. The 
ABI for each leg is calculated as the ratio of  the higher 
of  the two systolic pressures (posterior tibial or dorsalis 
pedis) in the leg, and the average of  the right and left 
brachial artery pressures. In the case a discrepancy of  
more than 10 mm Hg in blood pressure values is found 
between the two arms, the higher reading is used for 

the ABI. Pressures in each leg should also be measured 
and ABI calculated separately for each leg. An ABI < 
0.9 refl ects a ≥ 50% stenosis between the aorta and the 
distal leg arteries, and progressively lower ABI values 
indicate more severe obstruction.19

A recent published study has shown that, after 
adjustment for all conventional risk factors, a low ABI 
< 0.9 was independently predictive of  the risk of  fatal 
myocardial infarction (OR 1.69, 95% CI 1.06-2.69). 
Moreover, addition of  the ABI increased signifi cantly 
the accuracy of  the predictive model for fatal myocardial 
infarction, by comparison with a model containing 
risk factors alone. Therefore, ABI has the potential of  
being included into the cardiovascular scoring systems, 
with a view to improving their accuracy, but this should 
now be examined.20

 


Markers of  subclinical atherosclerosis can be 
considered either as intermediate mechanisms between 
most of  the major risk factors and atherosclerosis, 
or as direct risk factors for the complications of  
the atherosclerotic disease. Once assessed, they can 
modify the evaluated risk for atherosclerotic disease 
of  a particular subject, adding important information 
for its best management. Furthermore, they can be 
targeted by specifi c therapeutic strategies.
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