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Abstract 
Background: Pre-diabetic state, renal function, atherosclerosis burden are the 
major predictors for development of coronary artery disease (CAD). Present 
study aims to analyze the role of carotid intima-media thickness (CIMT), 
glomerular filtration rate (eGFR) and serum glycosylated hemoglobin (HbA1c) 
levels in predicting CAD on coronary angiography in non-diabetic patients. 
Methods: CAD and its severity according to SYNTAX score (SX score) was 
evaluated in 450 non-diabetic patients hospitalized with acute coronary syn-
drome or stable angina and underwent coronary angiography. CIMT, eGFR, 
and serum HbA1c values were obtained during admission. Spearman correla-
tion and linear regression were used in the analysis of the data. Receiver oper-
ating characteristic (ROC) curve was constructed to calculate cutoff values, 
area under curve (AUC), sensitivity and specificity. Results: Statistically sig-
nificant positive correlation was observed between HbA1c (r: 0.242, p = 
0.001); CIMT (r: 0.231, p = 0.001), patient’s age (r: 0.148, p = 0.002) and SX 
score, whereas eGFR was negatively correlated (r: −0.148, p = 0.002). On re-
gression analysis, CIMT, eGFR, HbA1c and patient’s age collectively predicted 
36% of change in the SYNTAX score. Patient’s age > 56 years (AUC = 0.622), 
CIMT > 0.86 mm (AUC = 0.642), HbA1c > 6 (AUC = 0.620), eGFR < 92 
ml/min/1.73 m2 (AUC = 0.601) were the cutoff values on ROC curve analysis. 
CIMT, HbA1c had relatively high specificity (88.5%, 90.2% respectively) and 
eGFR had relatively high sensitivity (71.3%) among the studied variables in 
predicting CAD in present study. Conclusions: CIMT, HbA1c, eGFR and pa-
tient’s age at the time of admission predict CAD in non-diabetic patients un-
dergoing coronary angiography. 
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1. Introduction 

Over the last decade, cardiovascular disease (CVD) especially coronary artery 
disease (CAD) has become the largest cause of death worldwide. Recent esti-
mates suggest that 80 percent of CVD deaths occur in developing countries with 
substantial contribution from India [1]. In India, the estimated adult prevalence 
(of the age > 30 year) of CAD is around 8 - 10 percent in urban settings and 3 - 4 
percent in rural areas, reflecting a rise of six-fold and two-fold respectively be-
tween 1960 and 2000 [2]. 

The incidence of CAD is likely to increase further because of rapid urbaniza-
tion and its accompanying lifestyle changes, including changes in diet, physical 
inactivity, drug and alcohol intake, as well as an increase in the prevalence of 
diabetes mellitus (DM) [3] [4]. A positive association has been reported between 
the duration of DM and the risk of developing CAD [5]. An independent associ-
ation between fatal CAD and increasing duration of DM has been shown in men 
[6]. Some studies suggest that CAD and glycosylated hemoglobin (HbA1c) are 
predictors of cardiovascular mortality [7] [8]. In community-based studies, de-
creased glomerular filtration rate (GFR) and proteinuria were both found to be 
independently associated with CAD [9] [10] [11]. The risk for CAD increases 
gradually with the decline of GFR [12] [13] [14] [15]. Thus the present study was 
undertaken to analyze the effects of serum HbA1c, (which is a marker of gly-
cemic status) estimated glomerular filtration rate (eGFR) (which is a marker of 
microvascular kidney disease secondary to various causes), carotid intima-media 
thickness (CIMT) in predicting CAD on coronary angiography (CAG). 

2. Methodology 

Ethics statement: A written informed consent was taken from the patients 
after explaining the nature of the study. The study was undertaken after the in-
stitutional ethics committee approval dated 1. 6. 2015 with IEC No.462 in 44th 
IEC meeting held in SVIMS, Tirupati.  

Study design: Prospective observational study. 
Study period: July 2015-July 2016. 
Study population: Study population was selected from the population of pa-

tients undergoing elective CAG in department of cardiology, Sri Venkateswara 
Institute of Medical sciences, Tirupati. 

Inclusion criteria: Patients presenting with stable angina as well as acute co-
ronary syndrome (ACS) [USA/NSTEMI/STEMI] and undergoing elective CAG 
were included in the study population. 

Exclusion criteria: Patients with DM or HbA1c > 6.5%, chronic kidney dis-
ease, post CABG/PCI, patients with congenital heart diseases and hemoglobino-
pathies have been excluded from the study. 

Demographic and clinical data on age, gender, smoking habit, DM, and 
hypertension (HTN) was obtained at the time of admission. Serum HbA1c, He-
moglobin (Hb), Serum Creatinine (SCr) blood urea (Bur) were measured from 
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the sample drawn at the time of admission. Serum HbA1c was measured by ion 
exchange chromatography method using BIO-RAD D-10 hemoglobin testing 
system. 

Estimated glomerular filtration rate (eGFR) was measured by Modification of 
Diet in Renal Disease (MDRD) equation [16]: 

( ) ( )2 1.154 0.203eGFR mL min 1.73 m 186 sCr age 0.742 if female− −= × × ×  

Carotid intima-media thickness (CIMT): Bilateral common carotid arteries 
of the subjects were scanned longitudinally with L11-3MHz linear transducer 
attached to PHILIPS IE 33 machine. Images were obtained from the distal por-
tion of the common carotid artery, 1 - 2 cm proximal to the carotid bulb. Only 
arterial wall intima-media thickness of the distal 1cm portion of the common 
carotid artery, just before bifurcation, was measured at end-diastole. The mean 
of left and right common carotid arteries was used for analysis.  

Coronary artery angiography (CAG): Coronary artery angiography was 
performed using standard Judkins technique through trans-femoral or trans-radial 
approach. According to the baseline diagnostic angiogram, each coronary lesion 
having a stenosis obstructing ≥ 50% of the diameter in vessels ≥1.5 mm was 
scored separately and these scores were added together to produce the overall 
SYNTAX score (SX score) which was calculated using the SX score algorithm 
available on the SYNTAX website. Angiographic analysis was carried out by in-
terventional cardiologist who was blinded to the study protocol.  

Statistical analysis: The continuous and categorical variables were presented 
as the mean ± standard deviation (SD) and proportions respectively. Intergroup 
differences of continuous variables were analyzed by t-test. Spearman correla-
tion and linear regression were used in the analysis of the data. Receiver operat-
ing characteristic (ROC) curve was constructed to calculate cutoff values, area 
under curve (AUC) sensitivity and specificity. All data was processed using the 
SPSS version 20 (IBM SPSS, IBM Inc. Armonk, USA) statistical software. A 
p-value < 0.05 was considered to be significant. 

3. Results 

The study population consisted of 450 patients, out of which 79 (17.6%) were 
female and 371 (82.4%) were male. One third of the patients (30.2%) had hyper-
tension and half of them (50.4%) were smokers. STEMI was seen in 176 patients 
(39%). On coronary angiography 122 patients (27.1%) had no obstructive coro-
nary disease and CAD was identified in 328 patients (72.9%). Percutaneous co-
ronary intervention (PCI) was done in 258 patients (57.6%) and coronary artery 
bypass grafting (CABG) was done in 50 patients (11.1%) (Table 1). 

Mean age of the study population was 52.8 ± 10.9 years, mean eGFR was 83.7 
± 25.1 ml/min/1.73 m2, mean SX score was 9.2 ± 9.1 and mean HbA1c was 5.7% 
± 0.6% (Table 1). 

In the total study population of 450 subjects, 328 had CAD on coronary angi-
ography, this group was labeled as CAD group and the subjects with no CAD on  
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Table 1. Baseline data. 

Categorical variables Frequency n = 450 (%) 

Gender  

o Male 371 (82.4) 

o Female 79 (17.6) 

CAD on angiography  

o Present 328 (72.9) 

o Absent 122 (27.1) 

Hypertension 136 (30.2) 

Smoking 228 (50.4) 

STEMI 176 (39) 

Management  

o CABG 50 (11.1) 

o PTCA 258 (57.6) 

o Medical management 142 (31.6) 

SYNTAX category  

o 0 122 (27.1) 

o ≤22 280 (62.2) 

o >22 48 (10.6) 

Continuous variable Mean ± SD 

Age (years) 52.8 ± 10.9 

eGFR (ml/min/1.73 m2) 83.7 ± 25.1 

SCr (mg/dl) 0.93 ± 0.22 

BMI (kg/m2) 23.2 ± 3.6 

CIMT (mm) 0.77 ± 0.20 

Hb (gm%) 12.7 ± 1.9 

HbA1c (%) 5.7 ± 0.6 

Platelet count (lakhs/cm3) 2.6 ± 0.7 

Bur (mg/dl) 26.6 ± 9.2 

EF (%) 51.2 ± 9.9 

SX score 9.2 ± 9.1 

Study population characteristics. 

 
angiography were considered under Non-CAD group. There was a statistically 
significant difference in the means of CIMT (0.80 ± 0.22, 0.69 ± 0.13, p = 0.005), 
HbA1c (5.7 ± 0.5,5.5 ± 0.4, p = 0.001), SCr (0.96 ± 0.20, 0.86 ± 0.20, p = 0.001), 
eGFR (80.8 ± 22.9, 91.3 ± 28.9, p = 0.001), and patients age (54.1 ± 10.6, 49.2 ± 
10.7, p = 0.001) among the CAD and Non-CAD groups (Table 2 and Figure 1). 

On Spearman correlation analysis, significant positive correlation was ob-
served between HbA1c (r = 0.242, p = 0.001), CIMT (r = 0.231, p = 0.001), SCr  
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Figure 1. Distribution of variables among CAD and Non-CAD groups. 
 
Table 2. Comparison of means among CAD and Non-CAD groups. 

Variable 
CAD group (n = 328) 

(Mean ± SD) 
Non-CAD group (n = 122) 

(Mean ± SD) 
p-value 

Age 54.1 ±10.6 49.2 ± 10.7 0.001 

eGFR 80.8 ± 22.9 91.3 ± 28.9 0.001 

SCr 0.96 ± 0.20 0.86 ± 0.20 0.002 

BMI 23.1 ± 3.6 23.6 ± 3.6 0.212 

CIMT 0.80 ± 0.22 0.69 ± 0.13 0.005 

HbA1c 5.7 ± 0.5 5.5 ± 0.4 0.001 

Hb 12.8 ± 1.9 12.5 ± 2.0 0.127 

Platelet count 2.60 ± 0.75 2.60 ± 0.74 0.694 

 
(r = 0.202, p = 0.001), patient’s age (r = 0.148, p = 0.002) and CAD, whereas 
eGFR (r = −0.148, p = 0.002) was negatively correlated with CAD on angiogra-
phy (Table 3). On Linear Regression analysis, CIMT, eGFR, HbA1c and pa-
tient’s age were independently predicting CAD on angiography and these va-
riables collectively predicted 36% of change in the SX score (Table 4). 

Patient’s age > 56 years, (AUC = 0.622), CIMT > 0.86 mm (AUC = 0.642), 
HbA1c > 6, (AUC = 0.620), eGFR < 92 ml/min/1.73 m2 (AUC=0.601) were the 
cutoff values obtained by ROC curve analysis for predicting CAD on coronary 
angiograph (Table 5 and Figure 2). 

4. Discussion 

In previous studies HbA1c levels, eGFR and CIMT have been individually cor-
related with CAD on angiography. In the present study we have analyzed the ef-
fect and strength of correlation of these variables with CAD. 

HbA1C and CAD: The mean HbA1c in the CAD patients in the present study 
is 5.7%, which is statistically different compared to patients with normal corona-
ries (5.5%) (Table 2). Similar findings were reported by Iqra Mehraj et al. in 
their study on Kashmiri Indians [17]. A study by Selim Ayhan et al. [18] in Tur-
key population showed the optimal cut-off value of HbA1c to predict severe 
CAD was 6.5%, with 74.4% sensitivity and 75.1% specificity on ROC curve anal-
ysis. A study by En-Zhi Jia et al. [19] in Chinese subjects showed that the optim-
al cutoff value of HbA1c for predicting CAD was >5.1 with sensitivity and speci-
ficities of 72%, 75% respectively. A similar study done on Indians by James  
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Figure 2. ROC curve analysis. 

 
Table 3. Spearman correlations. 

Variable vs. SX score R value p-value 

Age 0.148 0.002 

SCr 0.202 0.001 

eGFR −0.148 0.002 

BMI −0.036 0.447 

CIMT 0.231 0.001 

HbA1c 0.242 0.001 

 
Table 4. Linear regression analysis. 

Model R R square Adjusted R square Std error of estimate 

1 0.275a 0.076 0.074 0.685 

2 0.345b 0.119 0.115 0.670 

3 0.368c 0.135 0.130 0.664 

apredictors: (constant), CIMT; bpredictors: (constant),CIMT, eGFR; cpredictors: (constant), CIMT, eGFR, 
HbA1c; Dependant variable: SX score. 

 
Table 5. ROC curve analysis. 

Variable Sensitivity Specificity Criteria AUC 

Patients age 39.6 79.5 >56 years 0.622 

CIMT 38.4 88.5 >0.86 mm 0.642 

eGFR 71.3 45.9 <92.1 ml/min/m2 0.601 

HbA1c 39.0 90.2 >6 0.620 
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Dilley et al. [20] showed that HbA1c was significantly correlated with the pre-
valence of CAD. In the same study, HbA1c value of >5.6% predicted CAD with 
sensitivity and specificities of 56%, 67.6% respectively. Similarly in present study 
HbA1c is independently correlated with presence of CAD on angiography, the 
observed cutoff value of HbA1c on ROC curve analysis for predicting CAD is 6% 
with sensitivity 39% and specificity 90% (Table 5 and Figure 2). 

CIMT and CAD: CIMT is a valid marker of early atherosclerosis and thus has 
the potential to detect CVD in its subclinical phase. Several studies have shown 
that CIMT is strongly associated with cardiovascular risk factors [21] [22] [23] 
[24]. It possibly reflects the cumulative deleterious effects of various cardiovas-
cular risk factors over time. The Chennai Urban Population Study [21] reported 
mean IMT values in non-diabetic subjects as 0.74 ± 0.14 mm which is in agree-
ment with the mean CIMT value in the present study (0.77 ± 0.02). In the Athe-
rosclerosis Risk in Communities (ARIC) study [24], carotid far-wall IMT was 
consistently greater in those with clinical cardiovascular disease than in dis-
ease-free controls. Visona and colleagues [25] showed that CIMT in CAD pa-
tients (1.45 ± 0.95) was significantly higher than in controls (0.87 ± 0.1; p < 
0.005). Hansa et al. [26] reported association of CIMT with CAD and CV risk 
factors in the Indian population, CIMT measured on each side, was significantly 
higher in the coronary disease group compared to the controls. In this respect, 
the results of present study (0.80 ± 0.22, 0.69 ± 0.13, p < 0.005) (Table 2) are in 
agreement with previous studies showing a significant association between 
raised CIMT and the presence of CAD.  

In a recent systematic review, most of the studies showed a graded positive 
relationship between CIMT and angiographically assessed coronary atheroscle-
rosis with correlation coefficients in the order of 0.3 - 0.4 [27]. Similarly in 
present study there is a significant positive correlation observed between the 
CIMT and presence of CAD on angiography with a correlation coefficient r = 
0.231 (p < 0.001) (Table 3). 

In Framingham study [28], cut-off value of mean IMT of 0.9 mm predicted 
the presence of CAD, this is in accordance with the present study, where CIMT 
value of >0.86 mm is associated with CAD in present study population (Table 
5). 

eGFR and CAD: Renal dysfunction is an independent risk factor for the de-
velopment of CAD as shown in various studies. In the ARIC study [24], the level 
of GFR acted as an independent risk factor for atherosclerotic cardiovascular 
disease. In a study by Rahman M et al. [12], a low eGFR independently predicted 
increased risk for CAD. In the present study eGFR value in CAD patients dif-
fered significantly from that of patients with normal coronaries on CAG (80.8 ± 
22.9, 91.3 ± 28.9, p < 0.001),CAD patients tend to have low eGFR (Table 2). In a 
study by Jos’e Pedro L et al. [29], a relatively weak but significant negative corre-
lation was found between eGFR and CAD burden on angiography (r = −0.26, p 
= 0.006), this is in agreement with the observed negative correlation of eGFR 
with CAD in present study (r = −0.148, p < 0.02) (Table 3). 
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Though the strength of correlation is small, the increase in the HbA1c, CIMT 
values and decrease in the glomerular filtration rate predicted CAD on angio-
graphy as explained by Spearman correlation analysis (Table 3). HbA1c, CIMT 
were shown to have relatively high specificity and eGFR had relatively high sen-
sitivity in predicting CAD in present study (Table 5 and Figure 2). 

5. Conclusions 

 CIMT, HbA1c, eGFR and patient’s age at the time of admission predict CAD 
in non-diabetic patients undergoing coronary angiography.  

 Patients with age more than 56 years, CIMT more than 0.86 mm, HbA1c 
more than 6%, and eGFR less than 92 ml/min/m2 are most likely to have ob-
structive CAD on CAG. 

 CIMT has relatively high specificity for identifying CAD patients. 
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