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Abstract 

Background: Multiple clinical and biochemical risk factors for CAD have been known. Computed 

tomography (CT) angiography [also abbreviated as CTA] has been proven to be useful in identifying 

patients with diabetes who are having underlying coronary artery disease (CAD), but there is a risk of 

radiation exposure associated with it. Hardly any studies are available in India in which the association 

of coronary CT findings with clinical and biochemical risk factors of CAD has been identified or 

explained. The objectives of the study were to determine risk factors associated with coronary artery 

stenosis, association between coronary calcium scoring (CACS) and Framingham Cardiovascular 

Disease Risk Score (FRS), and determine the association between Coronary Artery Disease- Reporting 

and Data System (CAD-RADS) scoring and Framingham Cardiovascular Disease Risk Score (FRS). 

Methods: A total of 56 patients were selected for the study.and coronary CT angiography along with 

calcium scoring performed on them. CAD-RADS scoring, presence of atherosclerotic plaque and plaque 

characterisation was done for each patient. 

Results: Higher age, longer duration of diabetes and higher Framingham cardiovascular risk score were 

found to be associated with increasing severity of coronary artery stenosis. Higher age, longer duration 

of diabetes, history of smoking, higher blood triglyceride levels, higher Framingham cardiovascular risk 

score and higher coronary artery calcium score were found to have association with presence of 

coronary artery plaques. It was also observed that higher coronary artery calcium score was associated 

with presence of significant coronary artery stenosis (≥70%). Increasing severity of coronary artery 

calcium burden was observed in male gender, smokers, decreased HDL and higher Framingham 

cardiovascular risk scores. Weak positive correlation was found between CACS and FRS (p-value < 

0.001). Positive correlation was also observed between CAD-RADS and FRS (p-value < 0.001). 

Conclusion: Severity of coronary artery stenosis in asymptomatic diabetics may be predicted using 

FRS. Subjecting patients with higher FRS to screening for coronary artery disease by non-invasive CT  

http://www.ijfmr.com/


 

International Journal for Multidisciplinary Research (IJFMR) 
 

E-ISSN: 2582-2160   ●   Website: www.ijfmr.com       ●   Email: editor@ijfmr.com 

 

IJFMR260486671 Volume 8, Issue 4, July-August 2026 2 

 

coronary angiography may be appropriate. 
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Background 

Diabetes mellitus (DM) is a widely prevalent non-communicable disease, and it was estimated in 2019 

that about 463 million people (9.3% of the world population) were suffering from it [1]. However, almost 

half of the people having this disease are apparently asymptomatic and are at higher risk of 

complications of diabetes, which include coronary artery disease (CAD) as compared to general 

population.[2–4 ] It has been estimated that people with diabetes and increased blood glucose levels are 

roughly at two times higher risk of developing heart diseases than those without it.[5] 

Diabetes is highly prevalent in the Indian sub-continent in the age group of 20-79 years. Diabetes and its 

complications had resulted in the death of 1.2 million people (14.1% of all causes) in the subcontinent, 

of which the maximum was in India.[5] 

Although coronary artery diseases associated with diabetes have worse clinical outcomes, [6] it is not 

recommended to routinely screen asymptomatic diabetic patients for heart diseases. [7] However, this 

metabolic disorder has been known to have a negative socio-economic impact on the patients and their 

families, with higher costs incurring in those with diabetes-related complications.[8] Early detection of 

CAD in this group of patients would not only prevent additional morbidity but would also help to reduce 

the economic burden on this cohort as well as on the health-care providers, in terms of costs associated 

with their treatment and management. 

Multiple clinical and biochemical risk factors for CAD have been known.[9] Computed tomography (CT) 

angiography [also abbreviated as CTA] has been proven to be useful in identifying patients with diabetes 

who are having underlying CAD, but there is a risk of radiation exposure associated with it. [10] There are 

hardly any recommendations or indications as to when to use this investigation modality for the 

screening of CAD in asymptomatic diabetic patients. Hardly any studies are available in India in which 

the association of coronary CT findings with clinical and biochemical risk factors of CAD has been 

identified or explained. 

Our aim was to find out the association between Coronary CT findings and clinico-biochemical risk 

factors of coronary artery disease in asymptomatic diabetic patients. The objectives of the study were to 

determine risk factors associated with coronary artery stenosis, association between coronary calcium 

scoring (CACS) and Framingham Cardiovascular Disease Risk Score (FRS), and determine the 

association between Coronary Artery Disease- Reporting and Data System (CAD-RADS) scoring and 

Framingham Cardiovascular Disease Risk Score (FRS). 

The findings of this study were expected to help to determine the indication of CTA in these patients, the 

risk factors associated with significant coronary stenosis, and vulnerable plaques, based on clinico-

biochemical profile, such that unnecessary procedures or radiation exposures might be avoided. This 

study was also to check whether CTA could be used as an appropriate screening modality for early 

detection of CAD in this population. 

 

Methods 

This is a prospective cross-sectional, observational hospital based study conducted in asymptomatic Ty 
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pe 2 diabetic patients coming to J.L.N Hospital & Research Centre, Bhilai, from November 2019 to 

November 2020. A structured pre-prepared case proforma was used to collect biodata, clinical and 

biochemical risk factors related to coronary artery disease from the study subjects. Also, Coronary CT 

angiographic findings of the subject were entered the same case proforma. 

 

Inclusion Criteria: 

1. Person with diabetes mellitus 

2. Age between 30 to 74 years 

3. Normal kidney function test 

 

Exclusion criteria: 

1. Chest pain developing at rest 

2. Chest pain which worsened with exercise and was relieved by rest or nitroglycerine use 

3. History of myocardial infarction, heart failure or percutaneous coronary intervention 

4. ECG showing evidence of old Q wave infarcts, LBBB or ST-T wave changes 

5. Significant arrhythmia 

6. Hepatic failure 

7. Allergy to CT contrast media 

8. Pregnant woman 

63 patients fulfilling the inclusion and exclusion criteria were included in the study. Premedication in the 

form of 50 mg or 100 mg metoprolol or 5 mg of oral ivabradine was administered based on body mass 

and basal heart rate to maintain stability of cardiac rhythm (heart rate less than 70bpm) for patients who 

demonstrate variable heart rate before study. Coronary CT was performed using Hitachi’s SCENARIA 

128 slice CT scanner. Before taking the patients for CT scan, a detailed history was taken. The subjects 

were instructed to maintain an inspiratory breath-hold during which CT data and ECG trace were 

acquired. 

A preliminary low energy scout study was performed to determine the heart position. Scan start position 

was selected above carina (if aorta was tortuous or upper left heart border was prominent, scan start 

position was selected 1-2 cm higher). Scan ending position was selected as 2 cm below diaphragm. 

A low dose, non-contrast calcium scoring (using prospective ECG gating) was done in all patients before 

coronary CT was done. The detailed result of calcium scoring was listed up by allocating calcified areas 

acquired from axial images of heart to each branch. 

After adequate intravenous access, a coronary CT angiography scan was performed using retrospective 

ECG gating. 5 mg sublingual Isosorbide dinitrate was administered immediately prior to scanning for 

dilation and better visualization of coronary arteries. Iodixanol (Visipaque) 320 mg/ml was used as 

contrast agent and was injected at a rate of 4-6 ml/sec using a power injector. Amount of contrast to be 

used was decided as per patient weight and scan time. Contrast agent was followed by normal saline 

bolus of 30 ml injected at the same rate. 

Scan initiation was done using bolus tracking. After scanning, data was transferred offline for 3D 

reconstruction including MPR and Multi-planar imaging. All vessels > 1.5mm in diameter were 

considered in the analysis for coronary artery stenosis. CAD-RADS scoring, presence of atherosclerotic 

plaque and plaque characterisation was done for each patient. Data regarding clinical and biochemical 

risk factors for coronary artery disease was collected using study proforma and reviewing lab reports 
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based on which “Framingham 10 Year Risk of General Cardiovascular Disease Score” (FRS) was 

calculated. The selection of study population was done as summarized in flowchart in Figure 1. The 

parameters used for coronary CT angiography at our centre have been summarized in Table 1 and 2. 

 

Results: 

A total of 56 participants were included for data analysis. Statistical analysis of the data was done using 

Microsoft Excel 2007 for Windows and IBM SPSS version 24. 

In of our study population, age was found to follow non-normal distribution. The median age with 

interquartile range (IQR) was 55.5 (52 – 65) years. Majority of the participants under study were in the 

range of 50-60 years of age. Out of 56 patients, 29 (52%) were males and 27 (48%) were females. 41 

(73%) participants were on anti-hypertensive medications, 6 (10%) participants had hypertension but 

were not on antihypertensive medication, while 9 (17%) patients did not have hypertension. Both 

systolic blood pressure (SBP) and diastolic blood pressure (DBP) showed normal distribution with mean 

and one standard deviation of 143.21 ± 18.30 mmHg and 83.93 ± 10.56 mmHg respectively. Duration of 

diabetes in our study was found to have non-normal distribution with median and interquartile range 

(IQR) of 10 (8-14.8) years. 52 (92%) patients were on anti-diabetic medication. 

Median BMI with IQR was 24.56 (22.68-26.84) kg/m2. None of our study population were underweight 

(BMI < 18.5). 17 (30%) males were having healthy weight (BMI 18.5 to 24.9) while 9 (16%) males 

were overweight (BMI 25 to 29.9) and 3 (5%) were obese (BMI ≥ 30). 15 (27%) females were having 

healthy weight while 11 (20%) females were overweight and 1 (2%) females were obese. 

There were 23 (42%) smokers in the study population. Fasting and post-prandial blood glucose values of 

the study population followed non-normal distribution with median and IQR of 130 (120-151) mg/dl and 

186 (171-205) mg/dl respectively. Total cholesterol, HDL and triglycerides had non-normal distribution 

with median and IQR as 195 (173-231) mg/ml, 44 (40-50) mg/ml and 207 (155-232) mg/ml 

respectively. LDL values had normal distribution with mean and 1 SD as 110.4 ± 39.8 mg/ml. 

Coronary artery calcium score in our study population was found to have non-normal distribution with 

median and IQR as 74.0 (0.5 – 411.2).[11] The distribution of calcium burden severity has been shown in 

Figure 2. Figure 3 shows distribution of CADRADS and coronary artery stenosis in our study 

population. For our study, ≥ 70% stenosis in any one of the coronary arteries was considered significant. 

Only four (7%) patients in our study had vulnerable plaques.  [12] The study population was classified into 

three groups based on presence of coronary artery disease as evident on coronary CT and significance of 

stenosis. These groups were compared on the basis of the independent risk factors under study, as shown 

in Table 3. From Table 3, it was observed that higher age, longer duration of diabetes and higher 

Framingham cardiovascular risk score had statistically significant association with increasing severity of 

coronary artery stenosis. 

Although not statistically significant, higher values of BMI, systolic blood pressure, fasting blood 

glucose, post-prandial glucose, total cholesterol and triglyceride were observed in the patients with 

stenosis as compared to those with no stenosis. All the patients having CAD with non-significant as well 

as significant stenosis were on anti-diabetic medications. Also, these patients with coronary artery 

stenosis had preponderance for male gender and current smoking history. 

The study population was also classified into two groups based on presence of coronary artery plaques 

as evident on coronary CT. These groups were compared on the basis of the independent risk factors 

under study, as shown in Table 4. 
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From Table 4, it was observed that higher age, longer duration of diabetes, history of smoking, higher 

blood triglyceride levels, higher Framingham cardiovascular risk score and higher coronary artery 

calcium score had statistically significant association with presence of coronary artery plaques. 

Although not statistically significant, higher values of systolic blood pressure, fasting blood glucose, 

post-prandial glucose and total cholesterol, and lower HDL values were observed in the patients with 

plaques as compared to those with no plaque. All the patients with plaques were on anti-diabetic 

medications. Also, the presence of coronary artery plaques had preponderance for male gender.The 

study population was re-classified into two groups based on presence of significant coronary artery 

stenosis. These groups were compared on the basis of the independent risk factors under study, as shown 

in Table 5. 

From Table 5, it was observed that only higher coronary artery calcium score had statistically significant 

association with presence of significant coronary artery stenosis (≥70%). The study population was 

further classified into two groups based on presence of severe coronary artery calcium score (≥400). 

These groups were compared on the basis of the independent risk factors under study as mentioned in 

Table 6. 

From Table 6, it was observed that male gender, history of smoking, decrease in blood HDL levels and 

higher Framingham cardiovascular risk score had statistically significant association with increasing 

severity of coronary artery calcium burden. Although not statistically significant, higher values of 

duration of diabetes, fasting blood glucose, total cholesterol and LDL cholesterol were observed for the 

patients with CACS ≥ 400. All the patients of CACS more than zero, were on anti-diabetic medications. 

The association between CACS and FRS was assessed using Pearson Correlation Coefficient as 0.498, 

i.e., positive correlation was observed with a p-value < 0.001. The simple linear regression equation was 

determined as follows: 

CACS = FRS * 6.3 - 38.807 

The coefficient of determination was found as 0.248, i.e., the accuracy of the model was 24.8%. 

The association between CAD-RADS and FRS was assessed using Spearman Rank Correlation 

Coefficient as 0.623, i.e., positive correlation was observed with a p-value < 0.001. 

 

Discussion 

The demographic, clinical and biochemical data in our study is similar to that of Ismail et al[14] and Nasti 

et al[15]. The distribution of age, gender, duration of diabetes, patients on anti-diabetic medication in our 

study were comparable to that in studies by Kamimura et al[17] and Kang et al[30]. The distribution of 

severity of stenosis in our studies was comparable to that of Ismail et al and Kang et al. In our study we 

have also graded severity of stenosis as per CAD-RADS scoring which was not present in previous 

similar studies. Majority of the asymptomatic diabetics had no CAD or non-significant stenosis. None of 

the patients had CAD-RADS score of 4B or 5, thus indicating that complete coronary artery stenosis or 

significant triple vessel obstruction or significant left main coronary artery obstruction is rare in 

asymptomatic diabetics. However, eight (14%) patients in our study had significant coronary artery 

stenosis and were yet asymptomatic. This may emphasise the importance of coronary CT in 

asymptomatic diabetic patients in early detection of coronary artery disease, in a minimally-invasive 

manner, which will in turn provide a lead time for early intervention if required, prevention of frank 

myocardial infarction and improve the prognosis in such patients. 
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In our study, it was observed that that higher age, longer duration of diabetes and higher Framingham 

cardiovascular risk score had statistically significant association with increasing severity of coronary 

artery stenosis. Our results were comparable to that of Kang et al.  [13] which showed statistically 

significant association of male gender, higher age, duration of diabetes and lower HDL cholesterol levels 

with increasing severity of coronary artery stenosis. 

We also observed that higher age, longer duration of diabetes, history of smoking, higher blood 

triglyceride levels, higher Framingham cardiovascular risk score and higher coronary artery calcium 

score had statistically significant association with presence of coronary artery plaques. These findings 

were similar to that of J.J Rivera et al.[18] which showed statistically significant difference among the 

two groups for age, duration of diabetes, and FRS. 

We observed that only higher coronary artery calcium score had statistically significant association with 

presence of significant coronary artery stenosis (≥70%). Our finding was in concordance with that of 

Nasti et al.[15] which showed statistically significant difference between the two groups only for smoking 

and CACS. However, our results were in contrast to that of Ismail et al. which showed statistically 

significant difference between the two groups (patients with no or non-significant stenosis, and patients 

with significant stenosis) with respect to age, BMI, duration of diabetes, HDL, LDL, total cholesterol 

and triglyceride as well. The difference in results may be explained by differences in BMI, geographical 

location and of use of lipid lowering agents by their study population. 

The severity of calcium score in our study was found be more as compared to that of Kang et al and 

Ismail et al. In our study we found increasing severity of calcium burden with increasing severity of 

stenosis which conformed with the results of studies by Ismail et al, Nasti et al. [15], and J.J. Rivera et 

al.[18] 

In our study, higher calcium burden was seen in patients with significant stenosis as compared to 

patients with no stenosis or non-significant stenosis. We also found a weak positive correlation between 

FRS and CACS (p-value < 0.001). This correlation has not been explored in previous studies. Thus we 

may conclude that severity of calcium burden in coronary arteries may be complexly associated with 

severity of various conventional risk factors for coronary artery disease. 

In our study, it was also observed that male gender, history of smoking, decrease in blood HDL levels 

and higher Framingham cardiovascular risk score had statistically significant association with increasing 

severity of coronary artery calcium burden. This was in concordance with that of R.S. Elkeles et al. [16] 

 

Conclusion 

A positive correlation was observed between CAD-RADS score and FRS (p-value < 0.001). This 

correlation has not been explored in previous studies. This correlation indicated complex multifactorial 

association between conventional risk factors of coronary artery disease and coronary CT findings in 

asymptomatic diabetic population. From this, it may be inferred that severity of coronary artery stenosis 

in asymptomatic diabetics may be predicted using FRS. Subjecting patients with higher FRS to 

screening for coronary artery disease by non-invasive CT coronary angiography may be appropriate. 

 

Limitations of our study: 

Due to advent of COVID-19 pandemic, non-emergency investigations including CT coronary 

angiography were being limited at our hospital. Asymptomatic elderly diabetic patients with one or more 

risk factors of coronary artery diseases were vulnerable population in COVID-19 pandemic and thus 
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were advised by health care workers not to visit hospital unless very necessary. Sample size of our study 

was small. Previous similar studies had mostly larger sample size (few studies had sample size similar to 

ours) and hence able to show better association of conventional risk factors of coronary artery disease 

with that of coronary CT findings. 

Data on glycated hemoglobin was difficult to collect for every patient as it was not routinely done at our 

hospital, thus association of long term glycemic control and coronary CT findings could not be analysed 

in our study. 

Since only four patients in our study population had vulnerable plaque, hence this group became too 

small for us to statistically analyse the conventional CAD risk factors associated with vulnerable plaque.  
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