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Abstract--- Aim: To investigate the ability of the arterial stiffness parameter cardio-ankle velocity index (CAVI) 

to predict coronary disease in diabetic patient.  

Method: 155 consecutive patients underwent CAVI prior for coronary angiography for different indications 

between March 2018 until March 2019 at Al Hussein teaching hospital-Samawah city-Iraq. Patients with atrial 

fibrillation, aortic valve regurgitation and low Ankle Brachial Index (ABI<0.9) were excluded. After coronary 

angiography, patients were categorized as those with no vessel disease (group 1), those with single vessel disease 

(1VD) (group 2), those with two vessels disease (2VDs) (group 3) and those with three vessels disease (3VDs) 

(group4). In relation to diabetes they were categorized into four groups: Those has no DM and No demonstrable 

CAD (Non DM. Non CAD) (group 1), those with no DM but CAD (Non DM. CAD) (group2), Those with DM and no 

CAD (DM. NonCAD) (group 3) and those DM and CAD (DM.CAD) (group 4). 

Results: CAVI was significantly higher in those with 1VD than normal (mean±SD) (9.35±1.05 Vs 8.138±6.73) 

(P<0.05), Those with 2VD has significantly higher CAVI than those with no vessel disease (mean±SD) (9.8±0.84 Vs 

8.13±6.73) (P<0.05), Those with 3VD has significantly higher CAVI than those with No vessel disease (mean±SD) 

(11.48±1.1 Vs 8.138±6.73), (P<0.001) Those with 3VDS has significantly higher CAVI than those with 2VD 

(mean±SD) (11.48±1.1 Vs 9.8±0.84) (P<0.05). As for Diabetics, Those with DM and CAD (group 4) has the highest 

CAVI among other groups (mean±SD) (10.73 ±1.323 Vs 9.865±1.346) (p<0.05). 

Conclusion: CAVI can be a simple non-invasive test to predict multivessel disease in diabetic patients. 

Keywords--- CAVI, Multivessel, Coronary Artery Disease. 

I. INTRODUCTION 
The progression of atherosclerosis is usually silent and diagnosed when an arterial flow-limiting stenosis of the 

affected organ (i.e. Stable angina in critical coronary artery disease) or sudden rupture of atherosclerotic plaque 

causing acute infarct of the supplied organ. Arterial stiffness is the hallmark of diffuse atherosclerosis. Early non-

invasive recognition of severe and diffuse coronary artery diseases is for paramount importance. Unlike the Pulse 

wave Velocity (PWV), which is well-established parameter of arterial stiffness (1), CAVI (Carotid-Ankle vascular 

index) doesn’t affected by the blood pressure at the time of study making it reliable and reproducible at any Blood 

pressure level (2), (3). CAVI is a parameter of adjusted PWV for blood pressure, based on a stiffness parameter β (4) 

using Bramwell-Hill’s formula (5). CAVI is calculated as follows:  
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where Ps indicates systolic pressure in brachial artery; Pd, diastolic pressure in brachial artery; ρ, density of 

blood; a,b, correction coefficient. CAVI has been correlated with the risk factors for atherosclerosis: Diabetes 

Mellitus, Dyslipidemia, Hypertension, Obesity & chronic kidney disease (6-11) and Coronary artery diseases (12), 

we hypothesize that CAVI can discriminate patients with severe diffuse Coronary artery disease (three vessel 

disease) (3VDs) specially in high risk patient thus anticipating this group with high morbidity and mortality. 

II. SUBJECT AND METHOD 

2.1. Study Population 
The current study is a prospective observational study at A Hussein teaching hospital in Samawah city from 

march 2018 until march 2019. 155 Adult patients in whom coronary angiography was scheduled were recruited to 

the study. These patients had diverse risk factors: DM, smoking, Hypertension and dyslipidemia. 

We excluded patients with any of the following characteristics: (1) severe aortic insufficiency, (2) PAD, (3) 

atrial fibrillation (AF), (4) informed consent was not given. We excluded patients with severe aortic insufficiency, 

PAD, and AF because it was difficult to accurately measure CAVI in such patients. 

Study Design 
Was a cross sectional study, patient's characteristics including demographic data, anthropometric data, BP 

measurement, laboratory data profile, medications prescribed and medical problems were recorded .Body mass 

index (BMI) was calculated as weight in (Kg) divided by height measured in meter squared (m2). HTN was defined 

as either having a resting seated systolic BP (SBP) of at least 140mmHg, or diastolic BP (DBP) of at least 90mmHg 

or use of antihypertensive medications. 

Blood Samples 
Biochemistry data, including glucose, hemoglobin A1c (HbA1c), low density lipoprotein cholesterol, high-

density lipoprotein cholesterol, triglycerides, Hb A1C were taken at the time of hospital admission. 

Measurement of Arterial Stiffness (CAVI) 
CAVI was measured with a VaseraVS-1500A vascular screening system (Fukuda Denshi, Tokyo, Japan) by the 

method described previously. ECG electrodes were placed on both wrists, a microphone for detecting heart sounds 

was placed on the sternum, and cuffs were wrapped around both the arms and ankles, with the patient lying supine. 

After a 10-min rest, the examination was performed. The measurements were taken prior to do coronary 
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angiography CAVI was determined using the following formula: CAVI=a{(2ρ/∆P)×ln(Ps/Pd)PWV2}+b where a 

and b are constants, ρ is blood density, ∆P is Ps–Pd, Ps is systolic blood pressure, and Pd is diastolic blood pressure. 

The average value of right and left CAVI was used for analyses. 

Coronary angiography: The patients underwent coronary angiography to exclude coronary artery disease (CAD), 

Critical coronary artery stenosis was pointed out when there is at least 70% luminal narrowing of the coronary 

artery. 

III. STATISTICS 

Values were expressed as mean±SD, frequency and percentages .students t-test was used to compare various 

variables and the χ2 test and Fishers Exact test were used to test differences between categorical variables. 

Spearmans correlation Coefficient was calculated to evaluate the relationship among parameters. HF and LF were 

log-transformed (Log HF and Log LF) prior to analysis due to skewness. All statistical analyses were carried out 

using SSPS for windows version 17.0 (SSPS Inc. Chicago, IL, USA) and a p-value <0.5 was considered to indicate 

statistical significance. 

Anova method was used to compare among different groups. 

IV. RESULTS 

In total, 155 consecutive patients were evaluated. The basic characteristics of those patients are seen in table 1. 

The mean age is 59.3±6.4, male comprises 76% of the study population, 76% of them are hypertensive and 45% are 

diabetic, the mean CAVI is 9.1±0.89.All the patients underwent coronary angiography for the exclusion of coronary 

artery disease for various indications. 38% had normal coronary angiography, 20.8% has single vessel disease 

(1VD), 18.7% has two vessel disease (2VD) and 22.5% has three vessel disease (3VD). 

Then we compare the CAVI variable among four groups (No Vessel disease, 1VD, 2VD and 3VD) using Anova 

grouping as in figure 1. As compared to 1VD, CAVI was significantly higher than normal (mean±SD) (9.35±1.05 

Vs 8.138±6.73) (P<0.05), Those with 2VD has significantly higher CAVI than those with no vessel disease 

(mean±SD) (9.8±0.84 Vs 8.13±6.73) (P<0.05), Those with 3VD has significantly higher CAVI than those with No 

vessel disease (mean±SD) (11.48±1.1 Vs 8.138±6.73), (P<0.001). 

Those with 3VDS has significantly higher CAVI than those with 2VD (mean±SD) (11.48±1.1 Vs 9.8±0.84) 

(P<0.05). No significant statistical difference in CAVI value between those with 2VD Vs 1VD (mean±SD) 

(9.35±1.05 Vs 9.8±0.84) (P=0.148). Then we divided the total population study into 4 groups, as in figure 2:-(1) 

group 1 those with No DM and NO CAD, (2) Group 2: No DM and CAD, Group 3: DM and No CAD and finally 

those DM and CAD. 

We found a significantly higher CAVI in those with Group 4 Vs group 1 (mean±SD) (10.73 ±1.323Vs 7.986± 

0.981) (p<0.001), Significantly higher CAVI in group 4 Vs group 3 (mean±SD) (10.73 ±1.323 Vs 7.874±1.089) 

(p<0.001) and significantly higher CAVI in group 4 Vs group 2 (mean±SD) (10.73 ±1.323 Vs 9.865±1.346) 
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(p<0.05), No statistical difference between group 1 and group 3(P=0.739). 

Clinical Characteristics 
59.3±6.4 Age 
76 Male sex% 
27±3.3 BMI(Kg/M2) 
152±12.7 Systolic BP(mmHg) 
86±7 Diastolic BP(mmHg) 
115±28.3 LDL-Cholesterol(mg/dl) 
52±17 HDL-Cholesterol (mg/dl) 
163±13.6 Triglyceride (mg/dl) 
0.9±0.3 Creatinine (mg/dl) 
133.5±18 FBS (mg/dl) 
7.2±0.94 HbA1C (%) 
46 Diabetes (%) 
90% Dyslipidemia (%) 
72% Hypertensive (%) 
80% Antihypertensive (%) 
9.1±0.89 CAVI 
38 No vessel disease (%) 
20.8 Single vessel disease (1VD) (%) 
18.7 Two vessel diseases (2VDs) (%) 
22.5 Three vessel diseases (3VDS) (%) 

 
Figure 1: correlation of CAVI with the number of coronary artery having critical stenosis 
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Figure 2: Correlation among different Patients Subgroups 

V. DISCUSSION 
In our study, we showed that the marker of arterial stiffness CAVI was significantly correlated with the number 

of coronary arteries that haves critical stenosis, this linear correlation confirms the previous studies (13,14), making 

the test a good non-invasive testing for predicting the presence of clinically significant CAD. However, in our study, 

CAVI show no significant relations between those with single vessel disease or two vessel disease, both groups are 

clearly significantly higher than those normal coronaries on angiography, with 9.3 as a mean for CAVI to separate 

those with clinically significant CAD. 

As Diabetes is a major cause of cardiovascular death (15), being a major risk factor for atherosclerosis and 

abnormal vascular function (16,17). Predicting the severity and extent of CAD in those patients is of paramount 

importance. Our study showed that in those subgroups of patients with CAD and Diabetes has significantly higher 

CAVI value with a mean of 10.7, significantly higher than those with diabetes but no CAD on Angiography. Thus 

higher CAVI values in diabetic patients can effectively anticipate the presence of clinically significant coronary 

artery disease .Up to our knowledge this is the first study to show this correlation. While in diabetic patients with no 

CAD, CAVI value was not different from those without diabetes, making low CAVI values as predictor of less 

probability of presence of CAD. Finally CAVI can be a possible non-traditional risk stratification tool for the extent 

of CAD in diabetic and non-diabetic population, further studies are need to confirm these observations.  
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