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INTRODUCTION
Deaths due to cardiovascular diseases all over the world are in 
the first place, especially in developed countries (1). In a study 
by Balakumar et al. in 2016, they showed that cardiovascular 
diseases caused by atherosclerosis are responsible for more than 
half of the non-communicable causes of death worldwide each 
year (2). It is seen that cardiovascular diseases are an increasing 
trend, regardless of the development levels of countries and the 

socioeconomic status of people (3). Therefore, measures should 
be continued worldwide (3). It also creates an economic burden. 
Cardiovascular Diseases are at the top of the expenditures made 
by countries in the field of health. In Gögen S.'s study titled 
European Union and Turkey's heart health policies, 57% of the 
overall economic burden due to cardiovascular diseases is due 
to healthcare expenditures, 22% to unregistered expenditures of 
patients and 21% to productivity losses. It has been determined 
that expenditures are formed (4). According to WHO, it is 
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estimated that more than 22 million deaths will occur due to 
cardiovascular diseases by 2030(5). This data further increases 
the value of studies for the early detection of atherosclerosis.

Atherosclerosis is undoubtedly a chronic, progressive, 
inflammatory and long asymptomatic disease (6). In this long 
subclinical process, the determination of atherosclerosis is 
important for the prevention of many cardiovascular diseases such 
as possible heart attack, stroke, and claudication (7). Today, many 
invasive and non-invasive methods are used for this purpose. 
Coronary and peripheral angiography, intravascular ultrasound 
invasive examinations, B-mode ultrasound, magnetic resonance 
imaging, electron-beam computed tomography can be counted 
among the noninvasive tests (6). However, these examinations 
are far from being a screening tool. Non-invasive examinations 
such as Pulse Wave Velocity (PWV), Arterial Stiffness Index 
(ASI), Ankle Brachial Index (ABI), Digital Volume Pulse (DVP) 
and carotid intima-media thickness (cIMT) offer easier and more 
widespread screening (7).

Arterial stiffness is determined by the smooth muscle tone of the 
vessel wall and the elastin/collagen structure it contains (8). When 
this structure is healthy, like young people, the wave velocity is 
slow and the return of the wave to the heart is late in diastole (9). 
When the structure is disrupted, in other words, when the artery 
hardens, wave motion accelerates and causes high pressure in 
systole and low pressure in diastole (9). These phases can be 
recorded by measuring Digital Pulse Volume (DPV) and Pulse-
wave velocity (PWV) (10). Some calculations in the graphical 
breakdown of these phases have been proposed to measure 
the effects of arterial pressure on the vessel wall (11). Earlier, 
in 1922 Nachev et al. also measured arterial wave propagation 
velocity as an index of atherosclerosis and vascular health (12). 
In Japan, Takazawa et al. have used PWV extensively to evaluate 
the effects of vasoactive drugs and to characterize vascular aging 
(13). 

ABI is measured by the systolic pressure in the ankle to the 
systolic pressure in the arm, it can be used as a screening test 
because it is quick and easy and has been used for many years 
to confirm the diagnosis in vascular practice and to evaluate the 
severity of peripheral arterial disease in the legs (14). At the 
same time, ABI is an indicator of atherosclerosis (15). It has been 
associated with coronary and cerebrovascular diseases and the 
presence of cardiovascular risk factors (15). In addition, low ABI 
has been demonstrated to be associated with increased mortality, 
myocardial infarction and stroke incidence in population cohort 
studies in the USA (16-19) and Europe (20-23). The ABI is 
calculated by dividing the systolic blood pressure obtained from 
the ankle by the systolic blood pressure obtained in the brachial 
artery while the patient is lying down (24). A ratio less than 1 
(typically defined as <0.9) is considered abnormal (24).

In this study, we investigated the changes in Arterial Stiffness 
Index (ASI) and Reflection Index (RI) measurements in patients 
with peripheral arterial disease as determined by Ankle Brachial 
Index (ABI). 

MATERIAL AND METHODS 
Regional Ethics Committee approval was obtained for this 
retrospective study (Uludağ University Research Ethics 
Committee; number 2022-18/36).

This single-center retrospective study was conducted between 
January 2019 and August 2020 in Bursa Heart and Arrhythmia 
Hospital Cardiovascular Surgery Outpatient Clinic, with written 
informed consent from each patient.

Patients over 30 years of age, non-smokers, without 
known hypertension, coronary artery disease, renal failure, 
hyperlipidemia, and patients with a body mass index below 30 
were included in the study. The remaining patients were not 
included in the study.

A total of 76 consecutive patients who applied to our outpatient 
clinic due to walking and leg pain were included in the study. 
Ankle Brachial Index (ABI), Arterial Stiffness Index (ASI) and 
Reflection Index (RI) measurements were made after taking the 
anamnesis and general examination of the all patients. Patients 
with a normal ABI of 0.9 and above in terms of peripheral arterial 
disease (PAH) were divided into Group 1 (n:37), and patients 
below 0.9, which were accepted as peripheral artery disease 
data, were divided into Group 2 (n:39). ASI and RI results were 
evaluated according to the presence of PAH.

DPV was recorded from the fingertip with an oscillograph, and 
Reflection index and SI measurements were made. Measurements 
were taken at room temperature, after the patients had rested for 
15 minutes, in the supine position. Oscillography device: Vasolab 
5000, (manufacturer ELCAT GmbH, Germany). Data analyzes 
were provided by the Microsoft Windows-based Vasolab 5000 
software. All patients were measured by the same technician.

Statistical Analysis

All data were analyzed by saving them to the SPSS (statistical 
package for social sciences) for Windows 22 program on 
the computer. In order to decide which tests (parametric/
nonparametric tests) will be applied first in the analysis of the 
data, the assumptions that must be met are tested. In order to 
decide the normality of the distribution, Kolmogorov-Smirnov, 
the other assumptions of the normal distribution, kurtosis 
and skewness values and histogram graph were used. T-test 
(Independent sample t-test) and Man Whitney-U test were used 
for the comparison of two independent groups. The significance 
level of 0.01 was used as a criterion in interpreting whether the 
obtained values were significant or not.

RESULTS
56 (74%) of the patients included in the study were male and 20 
(36%) were female, and the mean age was 57.09 ± 17.59 years. 
There were 37 patients in Group 1 and 39 patients in Group 2. 
The mean ABI values of the patients in group 1 were 1.29±0.08, 
while in group 2 it was 0.8±0.05 (Table 1).
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Table 1. Demografic information

Group 1 Group 2 Age

Gender
Male (n) 26 30 57.09 ±17.59

Female (n) 11 9 52.23±12.63

Ankle Brachial Index
        Mean±SD

1.29±0.08 0.8±0.05

ASI values of group 1 patients were 7.18±1.41m/sec. while 
it was 11.08±0.90 m/sec in group 2. And it was found to be 
statistically significantly lower and within normal ranges in 
group 1 (p<0.001) (Figure 1) (Table 2).

Table 2. Comparation of arterial stiffness index and reflection 
index  between peripheral arterial disease and non- peripheral 
arterial disease

Parameters
Peripheric 

arterial 
disease

Non- 
peripheric 

arterial 
disease

P-Value

Arteriel stiffness 
index (m/sec.) 
mean±SD

11,08±090 7.18±1.41 p<0.01

Reflection index (%) 
mean±SD 33.16±10.71 16.61±3.44 p<0.01

 
Figure 1. Nomenclature and evaluated parameters. TH: duration of cardiac cycle, 
P: pulse (beats/min), TG: peak concentration time, TD: dicrotic time,  TA: decay 
time, TAG: basic arterial speed, TG/TA: standardized peak concentration time,  
TD/TA: standardized dicrotic time,  RI: reflection index — RI=A/B (in%), SI: 
arterial stiffness — SI = Height/TAG (in m/s)

RI was found to be 16.61±3.44 % in Group 1 and 33.16±10.71% 
in Group 2, and it was statistically significantly low and within 
the normal range in Group 1 (p<0.001) (Figure 3) (Table 2).

Figure 2. Arteriel stiffness i̇ndex comparison by groups

 

Figure 3. Reflection i̇ndex comparison by groups 

DISCUSSION
Peripheral arterial disease (PAD) which is one of the 
cardiovascular diseases is a prevalent manifestation of systemic 
atherosclerosis, predominantly affecting the arteries in the lower 
limbs (26). The global prevalence of PAD is estimated to be 
around 202 million individuals (27).

The presence of PAD substantially elevates the risk of 
cardiovascular events and overall mortality (28). Therefore, 
research focusing on the early stages of diagnosis assumes 
significant importance.

The ankle-brachial index (ABI) serves as a primary noninvasive 
diagnostic tool for lower extremity PAD (15,29). In individuals 
without PAD, the ABI value exceeds 1.0, while a value lower 
than 0.9 is commonly employed to diagnose PAD, demonstrating 
a diagnostic sensitivity of approximately 79% and specificity of 
96% (30).

Pletysmographic principles form the foundation for the most 
widely used noninvasive methods in the field (31). Other 
techniques include computer oscillometry, ultrasonography, 
and applied tonometry. Pulse wave velocity, a well-established 
method, allows for the assessment of large artery stiffness (25). 
However, this method poses challenges in terms of complexity, 
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time consumption, and cost. Consequently, there has been a drive 
toward the development of simplified approaches for measuring 
arterial stiffness. These alternative techniques offer the advantages 
of being noninvasive, cost-effective, and easily applicable. One 
such method involves obtaining Arterial Stiffness Index and 
Reflection Index from Digital Volume Pulse (DVP), which offers 
economic benefits, simplicity, minimal time requirements, and 
noninvasiveness. Hence, the present study aims to utilize Optical 
Pulse Oscillography (O-PO) to record Arterial Stiffness Index 
and Reflection Index, comparing the results between smokers 
and non-smokers.

Optical Pulse Oscillography (O-PO) is an economically feasible, 
non-invasive, and readily obtainable method used to acquire 
digital volume pulse (DVP) signals originating from peripheral 
pulse sites, including the ear lobe, fingertip, and toe. Several 
clinically significant parameters associated with O-PO signals 
include (a) pulse duration, (b) reflection index (RI), (c) pulse 
transit time (PTT), (d) pulse wave velocity (PWV) and (e) arterial 
stiffness index (ASI) (32).

In this study, we evaluated the differences in ASI and RI between 
those with (Group 2) and without PAH (Group 1). ASI values of 
group 1 patients were 7.18±1.41m/sec. while in Group 2 it was 
11.08±0.90 m/sec. and it was found to be statistically significantly 
lower and within normal ranges in Group 1 (p<0.001), similarly, 
RI was found to be 16.61±3.44% in Group 1 and 33.16±10.71% 
in Group 2, and statistically significantly lower in Group 1 and in 
the normal range (p<0.001). As a result, we found that ASI and 
RI worsened statistically in patients with PAH. 

Arterial stiffness (AS) and Reflection index (RI) are a reliable 
marker for changing in the structure and function of blood vessel 
walls, leading to the thickening of arterial walls, diminished 
flexibility, and increased rigidity (33). Several clinical studies 
have demonstrated that arterial stiffness is an early indicator of 
cardiovascular events (34). In our study, we showed that not only 
ASI and ABI, but also RI are closely related to the development of 
PAD or atherosclerosis. We believe that the evaluation of arterial 
stiffness index and reflection index are useful, together with other 
diagnostic methods, in the early diagnosis of atherosclerosis and 
therefore in the prevention of CVD.

Therefore, by evaluating both the arterial stiffness index and 
the reflectance index, healthcare professionals can gain a more 
comprehensive understanding of a patient's cardiovascular 
health and identify potential problems early on. This can help 
inform treatment decisions and lifestyle changes that can prevent 
the progression of atherosclerosis and reduce the risk of CVD. 
We recommend that this triad be followed carefully, especially 
in individuals with unmodifiable risk factors for atherosclerosis.

In this study, we did not aim to prove its superiority over ABI. 
Our main goal was to examine whether ASI and RI are also 
valuable in the diagnosis of atherosclerosis and PAD, and to 
evaluate their suitability for early diagnosis in future studies. We 
got results for some of them, but in order to be determined as a 

predictor, risk factors should be taken into account and long-term 
follow-up results should be seen in healthy individuals. 

CONCLUSION
In conclusion, the evaluation of arterial stiffness index and 
reflection index are valuable in diagnosing PAD and could be 
useful in the early diagnosis of atherosclerosis and thus in the 
prevention of CVD.  
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