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Abstract: Arterial stiffness is a characteristic of the arterial wall strongly associated with ageing and 
hypertension. It has been confirmed as a significant cardio-vascular risk factor. Despite available non- 
invasive measurement methods of central artery stiffening, it has not become a prevalent diagnostic 
marker in primary care so far. This article provides an overview of pathophysiology of arterial stiffness, 
possible diagnostic techniques, association with cardiovascular conditions and potential perspective of 
primary care to implement an additional distinctive parameter to evaluate cardiac risk.  
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Introduction 

Assessment of cardiovascular risk in primary care is limited by available diagnostic 
methods and established classical cardiovascular risk factors. There are several cardi-
ovascular risk calculators such as Framingham Risk Score, American College of Car-
diology/American Heart Association Atherosclerotic Cardiovascular Disease (ACC/ 
AHA ASCVD) Risk Calculator, and The Systematic Coronary Risk Estimation 
(SCORE) and QRISK which are valuable tools to improve detection, evaluation and 
management of cardiovascular risk among primary care patients [1–3]. Unfortunately 
those scales may not estimate the risk adequately. Moreover SCORE indicates risk of 
cardiovascular death, not general cardiovascular risk [4]. Therefore a search for addi-
tional parameters to establish cardiovascular risk more precisely is needed. 
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Arterial elasticity is a characteristic of arterial vessel which describes the potential 
to contract and expand in response to change of the pressure [5, 6]. The opposite of 
elasticity is arterial stiffness. Stiffened vessels are less susceptible to volume changes 
and therefore an increased propagation velocity of the pressure wave is observed along 
the stiffened arteries [6]. Progressively with age and comorbidities the function of 
arterial wall worsens. 

Arterial stiffness can be measured with the use of invasive and non-invasive 
methods [7]. Aortic stiffness is determined by pulse wave velocity (PWV), an indica-
tive parameter of arterial stiffness [8]. An increase by 1 m/s in PWV implicates 
increase of the cardiovascular event risk by 14% [9]. A 10–15% elevation in PWV is 
observed every 10 years. Women present 5–10% lower arterial stiffness parameters 
comparing to male contemporaries [10]. Aortic PWV over 10 m/s is a marker of 
hypertension mediated organ damage [4]. Arterial stiffness is an established cardio-
vascular risk factor possible to implement in clinical practice. 

It was observed that aortic and arterial stiffness illustrate cardiovascular risk 
comprehensively, over longer period of time, while biochemical factors tend to vary 
in time [11]. 

The objective of this review is to demonstrate the applicability and utility of 
assessing measures of arterial stiffness in primary care to improve risk stratification 
among patients with subclinical cardiovascular disease. 

Pathophysiology 

Arterial distensibility presents as capability of arterial volume change (expanding and 
contracting) during a heartbeat when the blood pressure affects the arterial wall. Based 
on arterial wall structure, arteries can be categorized as muscular and elastic ones. In 
elastic arteries, as aorta and carotid arteries, the contain of elastic fibers in the wall 
structure is higher in proximal parts [7]. Because of the difference in the arterial wall 
structure between elastic central arteries and distal muscular arteries, a physiological 
stiffness gradient is observed in healthy individuals. This protects microcirculation 
from high amplitude pressure waves [12]. With the increase of stiffness in elastic 
arteries, the gradient is reduced, and as a consequence, the more pulsation pressure 
is transmitted peripherally [11]. Subsequently the velocity of propagation of the pres-
sure pulse is increased in stiffened arteries. The pulse wave reflection in stiff arteries 
occurs more proximally than in normal arteries which causes amplification phenom-
enon. The reflection of the pulse wave during systole increases systolic and reduces 
diastolic pressure which leads to increased pulse pressure (PP). Augmentation pressure 
is the difference between the second (P2) and first (P1) pressure peaks in the pulse 
wave where P1 corresponds to peak systolic ejection and P2 corresponds to the peak 
caused by arrival of the reflected pulse wave. Augmentation index (Aix) is derived from 
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the difference between the second (P2) and first (P1) systolic peaks, expressed as 
a percentage of PP. It reflects the intensity of pulse wave reflection [6, 7]. Pulse wave 
velocity is a direct determinant of arterial stiffness and central pressure while Aix 
remains an indirect additional measure for describing pulse wave reflection [13]. 

There are several conceptions based on pathophysiology which explain why arter-
ial stiffness increases in elderly. The most common one is concerning elastin- collagen 
ratio in the arterial wall structure which decreases progressively [5, 11]. With the 
process of ageing the deterioration of elastin fibers and consequently increase of the 
collagen results in increase of the stiffness [14]. whereas the muscular vessels do not 
stiffen in the course of time [11]. 

Other possible causes of the arterial structure ageing include: smooth muscle 
necrosis, calcification of the arterial wall, change in the extracellular matrix and vas-
cular smooth muscles cells interactions [11, 15]. Calcification is related to atherosclero-
tic plaques collection and to calcium infiltration into smooth muscle cells in the course 
of dysregulation of bone metabolism in chronic kidney disease(CKD) [16]. Authors 
emphasize that the production of vasodilating agents such as nitric oxide decreases 
with age, while the effect of the vasoconstrictors is increased among elderly [15]. In 
patients with CKD also uremic toxins such as p-cresyl sulfate and indoxyl sulfate affect 
the arterial wall stiffness [15]. Also atherosclerosis itself increases the stiffness by 
affecting the structure and function of the arterial walls by the presence of plaques [4]. 

The second strong factor impacting arterial stiffening except ageing is high blood 
pressure [12]. 

Age and classical cardiovascular risk factors are not the only parameters related to 
arterial stiffness. Some physiological features such as low birth weight, menopausal 
status, lack of physical activity, genetic background, and primarily non-cardiovascular 
comorbidities such as end stage renal disease, moderate CKD, rheumatoid arthritis, 
systemic vasculitis and systemic lupus erythematosus are associated with vascular 
stiffness [13]. 

It has been shown that physical activity, weight loss, reduction in salt intake, hor-
mone replacement therapy is correlated with lower arterial stiffness among elderly [17]. 

Methods of measurement 

In clinical practice to access arterial stiffness both invasive and non-invasive utilities 
and procedures can be used. To determine central aortic pressure invasively a pressure 
sensing wire is inserted into the vessel. For practical reasons invasive methods are 
limited to scheduled arteriography procedures [5]. 

Arterial stiffness measurement, similarly to blood pressure measurement procedure, 
should be performed under certain conditions. Depending on the method the patient 
should be seated or supine, the procedure is performed after or at least 10 min of resting 
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in a dry cool place. Most relevantly last meal should be consumed 3–4 hours before the 
measurement, alcoholic beverages should not be consumed for 10 hours before mea-
sure. A patient should neither speak nor sleep during the procedure [7, 13, 18]. Every 
measurement should be repeated, second test performed after at least 5 minutes [5, 11]. 

Assessment of aortic stiffness can be performed with the use methods of oscillo-
metry or applanation tonometry or with mechanotransducer [5, 13, 19]. In tonometric 
devices the pulse wave latency and the distance between carotid and femoral artery are 
measured. Those two points, with easily detected pulse, are where the pulse wave is 
simultaneously recorded to calculate the pulse wave velocity of the aorta [5, 7, 18]. The 
measure of carotid-femoral pulse wave velocity is a ‘gold standard’ method of the non- 
invasive arterial stiffness measurement [5, 11]. 

With the use of applanation tonometry we can analyze central aortic pressure by 
analyzing central artery pressure curves, sequentially from different sites, with corre-
lation to electrocardiography (ECG). The distance between two peeks of the curve 
presents the augmentation pressure [7]. Radial artery tonometry with the use of 
transduction and calculating aorta waveform from the measured peripheral waveform 
is also performed [11]. Main disadvantage of tonometry method is being time con-
suming and demanding of trained medical stuff [20]. 

Methods such as ultrasonography and magnetic resonance imaging (MRI) enable 
to assess local arterial stiffness [7]. With the use of bi-dimensional ultrasounds the 
vessel distention can be assessed. The most favorable sites for the measure are femoral 
and carotid arteries [5, 13]. Moreover ultrasonography is the only technique measur-
ing intima-media thickness( IMT) and elastic properties of the arterial wall [13]. 
While MRI enables to determine distention and PWV with more accuracy the pro-
cedure is limited by financial and spatial issues [5]. 

Oscillometric methods performed with the use of cuffs detect waveforms (Fig. 1, 
Fig. 2) and blood pressure under the inflated cuffs which are usually placed on both 

Fig. 1. Peripheral pulse wave; female, 62 years old; Mobil-O-Graph PWA. 
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arms and ankles (measurement of brachial-ankle PWV) or one arm. Cuffs simulta-
neously detecting waveforms are connected to plethysmography sensor and oscillo-
metric pressure sensor. The distance between the sites, based on the patient’s heigh, is 
automatically calculated [11]. The PVW measurement is performed when the cuff 
pressure exceeds the systolic pressure by 35–40 mmHg [21]. During this occlusion 
early and late systolic wave peaks are detected [20]. The data collected by the oscillo-
metric device with the use of transduction function enable to estimate central aortic 
pressure and draw a central pressure curve [5, 19]. For oscillometric PWV measure-
ment additional data such as age, heigh and gender need to be combined and analyzed 
in mathematical model. The oscillometric devices also enable a 24-hour PWV analysis 
[19] which could be strong advantage of this type of arterial stiffness measure. An 
example of one-cuff device is Mobil-O-Graph Pulse Wave Analyzer (PWA; Fig. 3, 
Fig. 4). 

Among patients with ambulatory blood pressure monitoring, an ambulatory ar-
terial stiffness index(AASI) can be accessed. It is calculated as 1 minus to the regres-
sion slope of the diastolic to systolic pressure in 24-h monitoring. AASI is described 
to have correlation with PWV and PP [22]. 

Fig. 2. Aortal pulse wave, calculated; female, 62 years old; Mobil-O-Graph PWA. 
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Fig. 3. Mobil-O-Graph PWA measurement of arterial stiffness with one-cuff device, wireless data 
transmission. 

Fig. 4. Mobil-O-Graph Pulse Wave Analyzer (PWA). 
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Arterial stiffness and arteriosclerosis 

Atherosclerosis is an endothelium pathology which is characterized by accumulation 
of lipids, inflammatory cells, connective tissue fibers and calcium, simultaneously with 
migration of muscle smooth cells [6]. This abnormality of arterial wall cause increas-
ing of the IMT. Atherosclerosis is the main cause of death worldwide [2]. Athero-
sclerosis, depending on location and progression, can be subclinical or symptomatic in 
the form of peripheral artery disease (PAD), carotid artery disease and coronary artery 
disease (CAD). 

Arterial stiffness is associated with atherosclerosis as well as correlates with pre-
sence of other cardiovascular risk factors [5]. Other publications reveal that athero-
sclerotic abnormalities are not always associated with increased arterial stiffness [6]. 

In the medical literature positive correlation between increased arterial stiffness 
measured by PWV and occurrence of other cardiovascular risk factors, a cardiovascular 
event and death because of a cardiovascular incident was described [1, 14]. An associa-
tion between high PWV and high cardiovascular risk in SCORE ≥5%, and Framing-
ham Score has been proved for both male and female individuals [2]. Moreover it was 
claimed that arterial stiffness can predict the risk of fatal and non-fatal cardiovascular 
events as well as all-cause mortality [9]. Central PP correlates with mortality and risk of 
cardiovascular event while Aix correlates with mortality of cardiovascular and other 
causes, incidence of cardiovascular and severe cardiovascular events [13]. 

Peripheral artery disease is a condition where atherosclerotic plaques are found in 
lower limbs arteries causing stenosis or occlusion in arteries of lower limbs. The 
evidence of which is defined by a decreased ankle-brachial pressure index [23, 24]. 
Classical cardiovascular risk factors as smoking, increased blood pressure, elevated 
low density lipoprotein cholesterol (LDL-C) level and older age are associated with 
higher risk of PAD. Patients with the diagnosis of PAD are of higher risk of cardio-
vascular disease and mortality and the risk correlates with impaired small arteries 
elasticity. It has been confirmed that high aortic stiffness parameters correlate with 
subclinical PAD, predict progression and improve cardiovascular risk discrimination 
among those patients. 

Coronary artery disease is defined as reduced blood flow to the heart muscle due 
to the presence of atherosclerotic plaques in coronary arteries. The symptomatic CAD 
is defined as chronic ischemic heart disease, an acute myocardial infarction or a need 
of revascularization by percutaneous coronary intervention or coronary artery bypass 
grafting [27]. Premature CAD occurs before 55 years in men and before 60 years in 
woman [21]. A study has shown that PWV is increased in patients with premature 
CAD and in their first-degree relatives without evidence of CAD. Moreover increase 
of PWV above 15 m/s in previously healthy person could play essential role in pre-
mature CAD occurrence [21]. It was shown that increased PWV is predictive of 
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coronary artery disease, but not of early atherosclerosis [25]. Moreover increased 
aortic PWV was associated with 48% higher risk of first major cardiovascular risk 
event (myocardial infarction, unstable angina, heart failure, ischemic or hemorrhagic 
stroke) [26]. Additionally, an increased diastolic pressure, being a result of arterial 
stiffness, impaired coronary blood flow and, combined with atherosclerotic narrow-
ing, escalates the ischemic heart disease incidence [11, 27]. 

Also PWV measured with oscillometric method has been shown to be an early and 
independent factor to assess the risk of asymptomatic carotid atherosclerosis espe-
cially among middle-aged population which are classified to low or moderate risk of 
cardiovascular disease because of the age [20]. 

Dyslipidemia is defined as high total cholesterol (TC) level, LDL-C, triglyceride 
(TG) with low high density lipoprotein cholesterol (HDL-C) level. The research shows 
that increased arterial stiffness is associated with dyslipidemic measures of cholesterol 
fractions [28]. It was previously shown that statins reduce arterial stiffness measured 
as PWV by nearly 7% as well as reduce Aix [13, 15]. Statins have been known for their 
pleiotropic effect on arterial wall affected by atherosclerotic process and have a settled 
position in primary and secondary prevention therapy. 

Arterial stiffness and other related conditions 

Aortic stiffening may influence microcirculation by impairing blood flow and in-
creased pulsation pressure [5, 9].The explanation of this phenomenon is in the fact 
that when the left ventricle contracts a part of the stroke volume moves to the per-
ipheral tissues (brain, kidneys circulation and coronary arteries) while the rest remains 
stored in the stretched central arteries. In central arteries of higher stiffness, in hy-
pertensive individuals, a larger part of stroke volume flows to the peripheral circula-
tion causing damage [11]. This effect has consequences in cardiovascular function and 
explains why stiffness is a predictive factor for cardiovascular risk [5]. An observa-
tion has been made that arterial stiffness is a significant cardiovascular risk factor, 
exceeding the classical risk factors and 24-hours blood pressure measurement [29]. 

Arterial stiffness has an established association with hypertension, it is suggested 
that aortic stiffness may rather be a cause not a consequence of this condition. In 
hypertensive adults the arterial stiffness parameters were two times higher comparing 
to the normotensive group [30]. Other authors claim that hypertension and arterial 
stiffness coexist together as a vicious cycle, not directly a cause and effect [31]. In 
stiffened vessels the regulation of the blood flow is impaired [5, 17]. Central artery 
stiffness in hypertensive patients causes elevated PP which damages small arterioles 
[11]. Persistent elevation of carotid-femoral PWV (cfPWV) in hypertensive patients 
being treated leads to poorer treatment response [5]. It was confirmed in studies that 
from all hypotensive medications, angiotensin convertase enzyme (ACE) inhibitors, 
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angiotensin receptor blockers (ARBs), calcium channel antagonists, beta-blockers and 
diuretics improve arterial stiffness by reducing PWV and arterial wave reflection 
[5, 11]. On the other hand, calcium blockers play a role in dilatation of the vessels 
[5]. Authors claim that reduction of the arterial stiffness parameters and blood pres-
sure lowering are closely related [32]. Another study revealed that even in patients 
with well-controlled hypertension, the PWV remains elevated which means no re-
duction of cardiovascular risk in adequately treated patients [31]. In one study an 
interesting claim was presented, that adult normotensive children of hypertensive 
parents have statistically higher value of PWV comparing to normotensive adult 
children of normotensive parents [30]. This conclusion may indicate a need for early 
screening for individuals with genetic background of cardiovascular diseases. 

It has been shown that high PWV is associated with higher incidence of stroke 
[27]. Pathophysiological explanation is an increased PP, remodeling of intracranial 
circulation and therefore defects of brain tissues and atherosclerosis impairing upward 
flow [11]. Pulse pressure elevated by 10% was proved to correlate with 11% higher risk 
of stroke [33]. 

Increased aortic stiffness is associated with high diastolic pressure, impaired left- 
ventricle diastolic function and, as a consequence, a diastolic heart failure. Increased 
wave reflexion amplitude, determined as Aix, correlates with myocardial fibrosis and 
predicts heart failure development [5]. Moreover, medications used in congestive 
heart failure treatment, such as ACE inhibitors and aldosterone antagonists, reduce 
arterial stiffness [13]. 

As a result of increased pressure and flow in microvascular areas of eye and brain, 
those microcirculation regions are vulnerable to the hemodynamic consequences of 
arterial stiffness [5]. 

Concerning laboratory findings elevated serum glucose level (in diabetic and pre- 
diabetic conditions) and insulin level are risk factors for increased arterial stiffness [10, 
17]. Impaired glucose tolerance is associated with central arterial stiffness, decreased 
arterial compliance and increased Aix [15]. In type 2 diabetes increased arterial stiff-
ness parameters were observed in many studies. Also increased PWV was related to 
duration of the illness and presence of macrovascular complications [15]. Among type 
1 diabetic patients distensibility of arteries was decreased, with correlation to diabetes 
duration [10]. Also metabolic syndrome and central obesity are correlated with arter-
ial stiffness development [15]. 

Chronic kidney disease is a condition of high incidence (≥10%) among European 
and Northern-American population. Patients with CKD are group of high risk of 
cardiovascular events, but the accuracy of grading the cardiovascular risk among those 
is limited [34].There is pathophysiological correlation between increased blood flow in 
microvascular structures of kidneys and glomerular damage, demonstrable as protei-
nuria and reduced glomerular filtration rate(GFR) [5, 32, 34]. Another factor deterior-
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ating renal function is an increased peripheral blood pressure in elderly diagnosed with 
hypertension, which disrupt the renal circulation affecting autoregulation [11]. The 
increased arterial stiffness in this disorder results from calcification and lower elastin 
content in arterial wall structure. It was proved that cfPWV is a valuable predictive 
factor for survival and occurrence of fatal and non-fatal cardiovascular events among 
2–5 stage CKD patients while risk-prediction in Framingham score were not accurate 
[34]. Moreover, elevated PWV correlate with renal function decline [16]. 

Conclusions 

Primary care is instrumental in preventive medicine and for this reason assessment of 
cardiovascular risk among patients is important. 

There is a noticeable demand of easy, approachable and reliable techniques to 
improve cardiovascular risk stratification among primary care patients. 

According to recent studies arterial stiffness is an important cardiovascular risk 
factor which correlates with incidence of cardiovascular diseases and increases the risk 
of cardiovascular events in patients. 

Non-invasive arterial stiffness measurement could be a promising method in 
primary care for detection of subclinical cardiovascular disease. 
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