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Background  Ankle brachial index (ABI) has been shown to be a specific and sensitive 
for the diagnosis of peripheral artery disease (PAD). Both PAD and coronary artery 
disease (CAD) are caused by atherosclerosis, which is a narrowing of the arteries 
due to the build-up of plaque and fatty material inside the lumen. The aim of our 
study is to find out the relation between ABI and coronary angiographic findings with 
cardiovascular risk factors and gender in patients admitted in a tertiary care center 
with a provisional diagnosis of CAD.
Methods  It is a cross-sectional observational study, in which patients admitted 
with suspected CAD are included. In this study, patient characteristics such as 
demographics, family history, past history of CAD, and other comorbidities were 
included, and also the risk factors for atherosclerosis such as hypertension, diabetes, 
dyslipidemia, and smoking history were enquired by using a predetermined proforma. 
In all study patients, ABI was measured prior to coronary artery angiogram (CAG). ABI 
≤ 0.9 was considered as PAD, and ABI between 0.9 and 1.4 was considered as normal. 
Then, all patients included in the study underwent CAG. The results of the ABI reports 
were compared with the angiographic findings and atherosclerotic risk factors.
Results  In this study, 90 patients were included who were admitted for CAG. 
Twenty-two patients have ABI ≤ 1.09 among them, 9 patients have no CAD, and 
13 patients have CAD on CAG. Sixty-eight patients have ABI ≥ 1.10, with 28 patients 
having no CAD and 40 patients having CAD. There is difference in the right and left 
mean ABI with right ABI less than left ABI, and it is statistically significant (p = 0.014). 
By binary logistic regression, the determinants of CAD are left ventricle ejection 
fraction (EF) and age, and ABI was not a predictor. In our study, out of 90 patients, only 
1 had ABI < 0.9 (1.1%). Therefore, it is not worth doing ABI in all patients undergoing 
CAG to rule out peripheral vascular disease (PVD). This is true in male and female 
patients and even in the diabetics. In comparing male and female ABI, there is no 
significance between ABI in both the sexes.
Conclusion  This study findings concluded that ABI is not a useful method in assessing 
the risk factors and the severity of CAD in suspected patients. Only left ventricle EF and 
age were the predictors of the presence of CAD, and ABI was not a predictor. This study 
have shown the difference in the right and left mean ABI with right ABI less than left 
ABI, which is an important finding. This study has also shown the similar prevalence of 
ABI in both sexes. However, to make more accurate results on ABI (right vs. left), we 
should plan studies with larger sample size in future.
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Introduction
The ratio of systolic blood pressure at the ankle and the 
systolic pressure at the arm is defined as the ankle brachial 
index (ABI). ABI has been shown to be a sensitive and 
specific index for the diagnosis of peripheral artery disease 
(PAD).1 Both PAD and coronary artery disease (CAD) are 
caused by atherosclerosis, which is a narrowing of the 
arteries due to the built-up of plaque and fatty material 
inside the lumen. Atherosclerosis is the most common 
cause of mortality and morbidity worldwide.2 The aim 
of our study is to find out the relation between ABI and 
coronary angiographic findings with cardiovascular risk 
factors and gender in patients admitted in a tertiary care 
center with a provisional diagnosis of CAD.

Methods
It is a cross-sectional observational study, in which patients 
admitted with suspected CAD are included. Inclusion criteria 
include all the patients who were admitted for coronary 
artery angiogram (CAG) between January and May 2018. 
Patients with acute coronary syndromes, PAD, abnormal 
high ABI (ratio > 1.4) causing false high due to calcification, 
and who were unwilling to participate in the study were 
excluded from the study. In this study, patient characteristics 
such as demographics, family history, past history of CAD, 
and other comorbidities were included, and also the risk 
factors for atherosclerosis such as hypertension, diabetes, 
dyslipidemia, and smoking history were enquired by using a 
predetermined proforma.

Ankle brachial index was calculated by measuring the 
systolic pressure at the right brachial artery (denominator) 
and the systolic pressure at the right dorsalis pedis artery 
(numerator) by the manual auscultatory method; ratio of 
the both gives right ABI. The same method is repeated on the 
left limbs obtaining the left ABI. Measurements were done 
according to the standard recommendations for the 

calculation of ABI by the American Heart Association (AHA). 
ABI was measured in all studied patients prior to CAG. ABI  
value ≤ 0.9 was considered as PAD, and ABI value > 0.9 was 
considered as normal. Then, all patients included in this 
study underwent CAG.

Definition of Coronary Artery Disease
A disease in which there is a narrowing or blockage of the  
coronary arteries usually due to atherosclerosis (buildup 
of plaque and fatty material in the lumen of the coronary 
arteries). Severity of CAD is estimated by coronary 
angiography. Stenoses are defined as minimal if the 
narrowing is < 50%, moderate between 50 and 70%, and 
severe or significant for a diameter reduction of ≥ 70%.

Statistical Analysis
The angiographic reports and the questionnaire proforma 
were compared with ABI results. Data were analyzed by 
MINITAB 17 (Minitab Inc.), using t-test, binary logistic regres-
sion, equivalence test, and chi-square test. Two sample t-test 
was used to compare mean and standard deviation of the 
right and left ABI and the gender difference in ABI. Binary 
logistic regression was used to compare CAD severity with 
age, gender, ejection fraction (EF), ABI, comorbidities, and risk 
factors. Equivalence test with paired data was used to com-
pare right and left ABI.

Results
In this study, 90 patients were included who were admitted 
for CAG during the study period.

Among the total 90 study population, 22 (24.4%) are 
female patients and 68 (75.6%) are male patients (►Fig. 1). 
Majority of the study population are between 40 and 70 years 
of age contributing to 78 (87%). Most of them are between  
50 and 60 years of age contributing to 36 (40%) (►Fig. 2).

Fig. 1  Pie diagram showing the gender distribution in the study population.
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Among the study population, only one patient has ABI 
< 0.9, so we have subdivided the study population into two 
groups, one group with ABI between < 1.09 and second group 
with ABI ≥ 1.10. In our study, we have done this to find out 
whether there is any difference in the extent of CAD, and 
gender exists between the two groups (►Fig. 3).

Twenty-two patients have ABI ≤ 1.09, among them nine 
patients have no CAD and 13 patients have CAD on CAG. 
Sixty-eight patients have ABI ≥ 1.10, with 28 (41.2%) patients 
having no CAD and 40 (58.8%) having CAD (►Fig. 4).

Box plot of right and left mean ABI (►Fig.  5) shows 
difference in the right and left mean ABI with right ABI 

(mean = 1.1130) less than left ABI (mean = 1.1338), and it is 
statistically significant (p = 0.014).

There is no difference between the male and female 
patients with regard to right ABI, even though there is 
minor difference in the data, but it is not statistically sig-
nificant (p = 0.446). Same is applicable even for the left 
ABI showing no difference in male and female patients  
(p = 0.594) (►Table 1).

Binary logistic test was done to known the determinants 
of CAD. Among them only left ventricle EF and age were the 
predictors of the presence of CAD, and ABI was not a predictor. 
In our study, out of 90 patients, only 1 had ABI < 0.9 (1.1%). 

Fig. 2  Bar diagram showing the age distribution.

Fig. 3  Bar diagram of ankle brachial index (ABI) in both groups.
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Fig. 4  Stack bar diagram showing comparison between the two groups with CAD+ or no CAD. ABI, ankle brachial index; CAD, coronary artery 
disease.

Fig. 5  Box plot of right and left ankle brachial index (ABI).
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Therefore, it is not worth doing ABI in all patients undergoing 
coronary angiography to rule out peripheral vascular disease 
(PVD). This is true in male and patients and even in the 
diabetics. In comparing male and female ABI, there is no 
significance between ABI in both the sexes.

Discussion
Ankle brachial index ratios of 0.90 to 1.40 are considered 
normal for adults, and ratios < 0.9 indicate that PAD is present. 
Lower readings < 0.7 suggest that the disease is severe and 
that patients might develop digital gangrenes or ulcers in the 
lower limbs. Ratios > 1.4 suggest a noncompressible calcified 
vessel, which happens in diabetic or elderly patients due 
to fibrotic or calcified vessels. The aim of our study was to 
find the correlation between the ABI with CAD and gender. 
Among the study population, 25% were female patients 
and the rest 75% were male patients. Among them only one 
patient had ABI < 0.9. Therefore, we have divided the study 
population into two groups with ABI < 1.09 and > 1.10 to find 
out whether any difference exists between the two groups 
and whether ABI cutoff could be increased to increase the 
sensitivity and use ABI as a screening test for CAD.

Multiple large population-based studies done by Criqui 
et al and in the Framingham study concluded that ABI is a 
marker of atherosclerosis and has a good correlation with 
cardiovascular disease (CVD).3–5 In asymptomatic patients 
who are having intermediate-risk factors for CVD, ABI 
measurement is advised as a part of primary prevention 
and risk stratification of CVD by Greenland et al.6,7

Vogt et al reported in their study that the mortality rates 
from atherosclerotic coronary diseases are doubled with 
every 0.5 unit decrease in ABI value. In patients with an ABI 
value < 0.5, 10-year mortality was 37% compared with 17% in 
patients with ABI > 0.9 (p = 0.0039).8

In the Framingham offspring study by Murabito et al, 
CAD prevalence was 30% in patients with ABI < 0.9 compared 
with 10% with ABI > 1.0, with a significant p value (p = 0.001).9

Regarding gender difference of ABI, there are different results 
in various studies. Our study results were in similar line with 
the study done by  Taylor-Piliae et al, which showed the ABI 
prevalence was similar with no gender difference,10 and these 
findings could be explained by the high rates of CAD in men. 
However, Sadrzadeh Rafie et al in California studied the relation 
of gender differences on the prevalence of PAD in patients who 
were referred for elective CAG. This study showed that even 
though the prevalence and severity of CAD is lower in wom-
en, prevalence of PAD is more among them.11 Papamichael et al 
and Ramos et al have studied 165 patients referred for elective 
CAG, among them 15 to 20% had ABI value ≤ 0.9, which was 
significantly higher in male patients compared with female 
patients.10,12 Therefore for more conclusive results, we need 
more studies in future with a larger sample size.

In our study, only left ventricle EF and age were the pre-
dictors of the presence of CAD, and ABI was not a predictor. 
However, in a study done in Taiwan, Chang et al studied the 
correlation of ABI in patients undergoing elective CAG to 
predict the severity of complex and diffuse coronary artery 
lesions. They have indicated that among the risk factors such 
as smoking, hypertension and diabetes were significantly 
more prevalent in ABI+ patients (ABI value ≤ 0.9). Further-
more, compared with the control group with ABI > 0.9, the 
ABI+ patients had more stenotic and critical coronary lesions, 
which were difficult for intervention. Hence, they have 
recommended this well-established, simple, and inexpensive 
test for diagnosing PAD, and also useful for predicting 
complex and diffuse lesion subtypes that would be useful in 
interventions and during follow-up period.13

A systematic review by Anand and Doobay “determined 
the sensitivity and specificity of ABI in the prediction 
of future cardiovascular events.” It was concluded that 
though ABI ≤ 0.9 is highly specific but not sensitive in pre-
diction of CVD, and because of its simple assessment, it is 
considered as a useful tool for prediction of cardiovascular 
events risk.14

Ankle brachial index test is a simple test that is 
noninvasive and inexpensive and is widely used clinically 
as a screening test. However, ABI has its own limitations. 
Elderly and diabetic patients with calcified and fibrotic 
vessels may have a high values due to differential 
calcification leading to noncompressible vessel in the ankle 
compared with upper limbs. Duplex ultrasound is also a 
noninvasive test that shows blood flow in the arteries, but 
it requires an experienced radiologist to achieve useful 
images. Computed tomography (CT) or magnetic resonance 
angiography can also help image the blood vessels with 
limitations such as cost, contrast, and radiation side effects.

Latest studies have shown that an ABI value of > 1.4 is 
considered as a marker of noncompressible, calcified arteries, 
and it could also helps in prediction of an increased risk of 
cardiovascular events.15

Table 1 Binary logistic regression results to know the 
determinants of CAD

Source Chi-square p Value

Age 3.96 0.046

EF% 4.30 0.038

Right ABI 0.04 0.843

Left ABI 1.15 0.284

Sex 2.55 0.111

HTN 0.42 0.518

DM 0.11 0.745

Smoking 1.06 0.302

Alcohol 0.09 0.759

Previous CAD 0.01 0.904

CSA/USA 0.02 0.889

Abbreviations: ABI, ankle brachial index; CAD, coronary artery disease; 
CSA, central sleep apnea; DM, diabetes mellitus; EF, ejection fraction; 
HTN, hypertension; USA, unstable angina.
Note: Values in bold have a significant p-value < 0.05.
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Conclusion
This study findings concluded that ABI is not a useful method 
in assessing the risk factors and the severity of CAD in 
suspected high-risk patients. Only left ventricle EF and age 
were the predictors of the presence of CAD, and ABI was not 
a predictor. This study has shown the difference in the right 
and left mean ABI with right ABI less than left ABI, which is 
an important finding. This study has also shown the similar 
prevalence of ABI in both sexes. However, to make more 
accurate results on ABI (right vs. left), we should plan studies 
with larger sample size in future.

Interpretation of this study: Actual aim of the study 
(primary objective) is to see where ABI can detect CAD along 
with the severity of CAD, which was proved that routine ABI 
in patients who were coming to CAG is not useful to predict 
the CAD. We found an interesting finding that there is 
difference in mean right and left ABI with right ABI less than 
left, and it is a bystander observation. To imply this result to 
general population, we may require separate ABI normality 
curves; we should plan further studies with large sample 
sizes of the general population.
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Limitations

•• It is a single-centered trail with a limited study population 
admitted for CAG from January to May 2018.

•• It is a cross-sectional study, and follow-up of the patients 
was not done in this study.
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