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ABSTRACT 

Background: Type 2 diabetes mellitus (T2DM) is associated with accelerated atherosclerosis and a 

markedly increased risk of coronary artery disease (CAD). Early identification of high-risk patients is 

essential to reduce cardiovascular morbidity and mortality. The ankle-brachial index (ABI) is a 

simple, inexpensive, and non-invasive bedside test used to detect peripheral arterial disease and 

systemic atherosclerosis. This study aimed to evaluate the association between ABI and the presence 

and severity of CAD in patients with T2DM. 

Methods :A hospital-based cross-sectional observational study was conducted in the Departments of 

General Medicine and Cardiology at Maharishi Markandeshwar Institute of Medical Sciences and 

Research, Mullana, Haryana, India, during 2024–2025. A total of 100 patients with T2DM were 

enrolled. Fifty patients had angiographically confirmed CAD, while 50 diabetic patients without CAD 

served as controls. ABI was measured using an 8-MHz handheld Doppler device. Clinical 

characteristics, anthropometric measurements, laboratory investigations, electrocardiographic 

findings, echocardiographic parameters, and coronary angiographic findings were recorded. Statistical 

analysis was performed using SPSS software, and a p-value of <0.05 was considered statistically 

significant. 

Results:The mean age of participants was comparable between the CAD and non-CAD groups. 

Patients with CAD had significantly higher body mass index, waist-hip ratio, systolic blood pressure, 

diastolic blood pressure, and longer duration of diabetes than those without CAD. Abnormal ABI 

values were significantly more frequent among patients with CAD. Lower ABI values showed a 

significant association with increasing angiographic severity of CAD and greater coronary vessel 

involvement. 

Conclusions:ABI is significantly associated with both the presence and severity of CAD in patients 

with T2DM. As a simple, inexpensive, and non-invasive bedside investigation, ABI may serve as an 

effective screening tool for identifying diabetic patients at increased cardiovascular risk and 

facilitating early intervention. 

Keywords: Type 2 diabetes mellitus, ankle-brachial index, coronary artery disease, peripheral arterial 

disease, coronary angiography, atherosclerosis 
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INTRODUCTION 

Type 2 diabetes mellitus (T2DM) is among the most important non-communicable diseases 

worldwide and has emerged as a major public health challenge. The increasing prevalence of 

diabetes has been accompanied by a parallel rise in cardiovascular complications, which 

remain the leading cause of morbidity and mortality among affected individuals.[1,2] 

Coronary artery disease (CAD) accounts for nearly two-thirds of deaths in patients with 

T2DM because chronic hyperglycemia accelerates endothelial dysfunction, oxidative stress, 

inflammation, and atherosclerosis.[2,3] 

Coronary artery disease in diabetic patients is frequently diffuse, multivessel, and clinically 

silent.[3,4] Consequently, many patients remain undiagnosed until they present with acute 

coronary syndromes or heart failure.[4] Although coronary angiography is considered the 

gold standard for diagnosing CAD, it is invasive, expensive, and unsuitable as a screening 

modality for all diabetic patients.[5] Therefore, there is a growing need for reliable, 

inexpensive, and non-invasive methods that can identify patients at increased cardiovascular 

risk.[5,6] 

The ankle-brachial index (ABI), calculated as the ratio of ankle systolic blood pressure to 

brachial systolic blood pressure, is an established diagnostic tool for peripheral arterial 

disease.[6,7] ABI reflects systemic atherosclerosis because peripheral and coronary arterial 

disease share similar pathological mechanisms.[7] Previous studies have shown that a low 

ABI is associated with increased cardiovascular mortality, myocardial infarction, stroke, and 

peripheral vascular disease.[7,8] Conversely, abnormally high ABI values may indicate 

medial arterial calcification, particularly in patients with long-standing diabetes.[8] 

Several studies have demonstrated a significant relationship between abnormal ABI and 

coronary artery disease.[8,9] Lower ABI values have been associated with multivessel CAD, 

severe coronary stenosis, and adverse cardiovascular outcomes.[9] However, evidence from 

Indian patients with T2DM remains limited.[9,10] Considering the rapidly increasing burden 

of diabetes and CAD in India, validating the usefulness of ABI in routine clinical practice is 

of considerable importance.[10] 

The present study was therefore undertaken to evaluate the association between ankle-

brachial index and the severity of coronary artery disease among patients with type 2 diabetes 

mellitus and to determine whether ABI can serve as a simple screening tool for identifying 

diabetic patients at increased cardiovascular risk. 

 

MATERIALS AND METHODS 

Study Design: This hospital-based observational cross-sectional study was conducted in the 

Departments of General Medicine and Cardiology, Maharishi Markandeshwar Institute of 

Medical Sciences and Research (MMIMSR), Mullana, Haryana, from 2024 to 2025. 
 

Study Population: A total of 100 patients with type 2 diabetes mellitus were included. Fifty 

patients had angiographically confirmed coronary artery disease, while 50 patients without 

evidence of CAD served as controls. 
 

Inclusion Criteria 

• Age ≥18 years 

• Type 2 diabetes mellitus diagnosed according to WHO criteria 

• Patients with confirmed CAD based on coronary angiography 
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Exclusion Criteria: Patients with lower limb trauma, deep vein thrombosis, previous lower 

limb amputation or surgery, active leg ulcers, filariasis, lower limb edema, type 1 diabetes 

mellitus, or prediabetes were excluded. 

 

Data Collection: Demographic characteristics, duration of diabetes, smoking history, alcohol 

intake, hypertension, medication history, and family history were recorded. Anthropometric 

parameters including body mass index (BMI) and waist-hip ratio were measured. Blood 

pressure was recorded using standard methods. 

Routine laboratory investigations included fasting blood glucose, postprandial blood glucose, 

HbA1c, lipid profile, renal function tests, and other relevant biochemical investigations. 

Electrocardiography, echocardiography, and coronary angiography findings were 

documented. 
 

Measurement of Ankle-Brachial Index: ABI was measured after patients rested in the 

supine position for 5–10 minutes. Systolic blood pressure was recorded in both brachial 

arteries and both dorsalis pedis and posterior tibial arteries using an 8-MHz handheld Doppler 

probe. ABI was calculated by dividing the highest ankle systolic pressure by the highest 

brachial systolic pressure. The lower ABI value of the two limbs was considered for analysis. 
 

Statistical Analysis: Data were analyzed using SPSS software. Continuous variables were 

expressed as mean ± standard deviation, while categorical variables were expressed as 

frequency and percentage. Comparisons between groups were performed using the Mann–

Whitney U test and Chi-square test as appropriate. A p-value <0.05 was considered 

statistically significant. 

 

RESULTS 

 

Table 1. Baseline Demographic Characteristics of Study Participants 

Variable CAD (n=50) 
Non-CAD 

(n=50) 

P 

value 

Age (years), Mean ± SD 58.46 ± 8.92 57.18 ± 9.31 

0.48 

Age Group 

(years), n (%) 

≤40 3 (6.0) 4 (8.0) 

41–50 10 (20.0) 11 (22.0) 

51–60 22 (44.0) 23 (46.0) 

>60 15 (30.0) 12 (24.0) 

Male, n (%) 34 (68.0) 31 (62.0) 
0.53 

Female, n (%) 16 (32.0) 19 (38.0) 

 

Table 2. Comparison of Clinical and Biochemical Parameters Between Patients with 

and Without CAD 

Variable CAD (n=50) Non-CAD (n=50) P value 

BMI (kg/m²) 25.82 ± 2.71 24.41 ± 2.37 0.001 

Waist-Hip Ratio 1.00 ± 0.07 0.95 ± 0.06 0.001 

Systolic BP (mmHg) 138.38 ± 11.86 131.58 ± 12.41 0.007 

Diastolic BP (mmHg) 84.16 ± 7.22 80.10 ± 5.94 0.007 
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Duration of Diabetes (years) 10.82 ± 5.42 7.86 ± 5.03 0.006 

Smokers, n (%) 23 (46.0) 12 (24.0) 0.02 

Hypertension, n (%) 36 (72.0) 24 (48.0) 0.01 

Dyslipidemia, n (%) 32 (64.0) 18 (36.0) 0.005 

Fasting Blood Glucose (mg/dL) 171.6 ± 42.8 148.9 ± 37.5 0.008 

HbA1c (%) 8.84 ± 1.36 7.69 ± 1.18 <0.001 

Total Cholesterol (mg/dL) 208.7 ± 38.6 182.4 ± 34.2 <0.001 

Triglycerides (mg/dL) 196.2 ± 56.3 164.5 ± 47.6 0.003 

LDL Cholesterol (mg/dL) 132.8 ± 30.5 109.6 ± 25.7 <0.001 

HDL Cholesterol (mg/dL) 39.8 ± 7.4 46.5 ± 8.2 <0.001 

ECG Abnormality, n (%) 34 (68.0) 9 (18.0) <0.001 

RWMA on Echocardiography, n (%) 27 (54.0) 4 (8.0) <0.001 

 

Table 3. Distribution of Ankle-Brachial Index (ABI) According to CAD Status 

ABI Category CAD (n=50) Non-CAD (n=50) P value 

≤0.90 22 (44.0) 5 (10.0) 

<0.001 
0.91–1.40 (Normal) 25 (50.0) 45 (90.0) 

>1.40 3 (6.0) 0 (0.0) 

Mean ABI 0.88 ± 0.15 1.05 ± 0.11 

 

Table 4. Correlation Between ABI and Angiographic Severity of Coronary Artery 

Disease 

Angiographic Severity n Mean ABI ± SD P value 

Single Vessel Disease (SVD) 20 0.95 ± 0.10 

<0.001 Double Vessel Disease (DVD) 16 0.84 ± 0.09 

Triple Vessel Disease (TVD) 14 0.73 ± 0.08 

ANOVA  

Correlation (ABI vs Severity Score)  r = −0.69 <0.001 

 
Figure: 1. Clinical and Biochemical Parameters: CAD vs non-CAD 
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Figure: 2. Clinical Characteristics: CAD vs non-CAD 

 

A total of 100 patients with T2DM were included, comprising 50 patients with 

angiographically confirmed CAD and 50 diabetic patients without CAD. 

The age distribution was comparable between the two groups, with most participants 

belonging to the 51–60-year age group. There was no statistically significant difference in 

age or sex distribution, indicating comparable baseline demographic characteristics. 

Patients with CAD had significantly higher body mass index (25.82 ± 2.71 vs. 24.41 ± 2.37 

kg/m²; p=0.001), waist-hip ratio (1.00 ± 0.07 vs. 0.95 ± 0.06; p=0.001), systolic blood 

pressure (138.38 ± 11.86 vs. 131.58 ± 12.41 mmHg; p=0.007), and diastolic blood pressure 

(84.16 ± 7.22 vs. 80.10 ± 5.94 mmHg; p=0.007) compared with patients without CAD. 

The duration of diabetes mellitus was significantly longer among CAD patients (10.82 ± 5.42 

years) than among non-CAD patients (7.86 ± 5.03 years; p=0.006). More than half of the 

CAD group had diabetes for more than ten years, whereas shorter duration predominated 

among controls. 
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Smoking, hypertension, dyslipidemia, and poor glycemic control were more common in the 

CAD group. Laboratory investigations showed higher fasting blood glucose, HbA1c, total 

cholesterol, triglycerides, and LDL cholesterol among CAD patients, whereas HDL 

cholesterol was significantly lower. 

Electrocardiographic abnormalities suggestive of ischemic heart disease and 

echocardiographic evidence of regional wall motion abnormalities were significantly more 

frequent in patients with CAD. 

Most patients without CAD demonstrated normal ABI values, whereas abnormal ABI (≤0.90 

or >1.40) was significantly more common among CAD patients. A progressive decline in ABI 

was observed with increasing angiographic severity of CAD. Patients with multivessel 

disease had significantly lower ABI values than those with single-vessel disease, 

demonstrating a strong inverse relationship between ABI and coronary atherosclerotic 

burden. 

These findings indicate that ABI is a useful non-invasive marker of generalized 

atherosclerosis and correlates significantly with the severity of coronary artery disease in 

patients with type 2 diabetes mellitus. 
 

DISCUSSION 

The present study demonstrated a significant association between ankle-brachial index (ABI) 

and the presence as well as severity of coronary artery disease (CAD) in patients with type 2 

diabetes mellitus (T2DM). Patients with angiographically confirmed CAD had significantly 

lower ABI values compared with diabetic patients without CAD. Furthermore, lower ABI 

values were associated with increasing severity of coronary artery disease and a greater 

number of diseased coronary vessels. These findings support the hypothesis that ABI is a 

reliable marker of systemic atherosclerosis and may serve as a useful screening tool for 

cardiovascular risk assessment in patients with T2DM.[11,12] 

Age and sex distribution were comparable between the study groups, indicating that the 

observed differences in ABI and coronary artery disease severity were unlikely to be 

influenced by demographic factors. Similar observations have been reported in previous 

studies, where age alone was not an independent predictor of CAD severity after adjustment 

for conventional cardiovascular risk factors.[12,13] 

The present study also demonstrated that body mass index, waist-hip ratio, systolic blood 

pressure, and diastolic blood pressure were significantly higher among patients with CAD. 

Obesity, central adiposity, and hypertension are well-established cardiovascular risk factors 

that accelerate endothelial dysfunction, inflammation, and progression of atherosclerosis. 

These findings are consistent with previous reports demonstrating that metabolic syndrome 

components significantly increase the risk of coronary artery disease among diabetic 

individuals.[13,14] 

Duration of diabetes mellitus was significantly longer in patients with CAD. Chronic 

exposure to hyperglycemia promotes endothelial injury, oxidative stress, vascular 

inflammation, and arterial stiffness, leading to progressive atherosclerosis. Long-standing 

diabetes has consistently been associated with diffuse coronary artery involvement and 

poorer cardiovascular outcomes.[14,15] 

The most important finding of the present study was the significant association between 

abnormal ABI and coronary artery disease. ABI reflects systemic atherosclerosis because 

peripheral and coronary arteries undergo similar pathological changes. A reduced ABI 

indicates peripheral arterial disease, which frequently coexists with coronary artery disease. 
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Therefore, ABI provides indirect evidence of generalized vascular disease and may identify 

asymptomatic diabetic patients at increased cardiovascular risk.[15,16] 

Another clinically important observation was the inverse relationship between ABI and 

angiographic severity of CAD. Patients with multivessel coronary artery disease had 

significantly lower ABI values than those with single-vessel disease. This suggests that ABI 

not only predicts the presence of CAD but also reflects the overall burden of coronary 

atherosclerosis. Similar findings have been reported in several international studies, where 

low ABI was associated with multivessel disease, complex coronary lesions, and increased 

cardiovascular mortality.[16–18] 

The clinical implications of these findings are important, particularly in developing countries 

where access to advanced cardiovascular investigations may be limited. ABI is inexpensive, 

non-invasive, reproducible, and can be performed at the bedside within a few minutes. 

Incorporating ABI into routine evaluation of patients with T2DM may help identify 

individuals who require early cardiovascular assessment and intensive risk factor 

modification. Early detection of subclinical atherosclerosis may reduce future cardiovascular 

events through timely initiation of preventive strategies.[18–20] 

 

STRENGTHS 

The strengths of the present study include the use of coronary angiography as the reference 

standard for diagnosis of CAD and standardized Doppler-based measurement of ABI. Equal 

numbers of participants in the CAD and non-CAD groups allowed meaningful comparison of 

clinical and vascular parameters. 

LIMITATIONS 

The study has certain limitations. It was conducted at a single tertiary care center with a 

relatively small sample size, limiting generalizability. The cross-sectional design prevents 

assessment of causality or long-term cardiovascular outcomes. Additionally, newer imaging 

techniques and inflammatory biomarkers were not evaluated. Larger multicenter prospective 

studies are needed to validate these findings and establish the prognostic value of ABI in 

diabetic patients. 

 

CONCLUSIONS 

The present study demonstrated that abnormal ankle-brachial index is significantly associated 

with both the presence and severity of coronary artery disease in patients with type 2 diabetes 

mellitus. Lower ABI values correlated with greater angiographic severity and multivessel 

coronary artery disease, suggesting that ABI reflects the burden of systemic atherosclerosis. 

Because ABI is inexpensive, non-invasive, simple to perform, and readily available, it can be 

incorporated into routine clinical assessment of patients with T2DM for early cardiovascular 

risk stratification. Routine ABI measurement may facilitate timely referral for further cardiac 

evaluation and implementation of aggressive preventive strategies, thereby improving long-

term cardiovascular outcomes. 
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