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Abstract

Objective:
In this study, we aim to determine the association of Indian Diabetes Risk Score (IDRS) with augmentation 
index (AI), a preclinical marker of early atherosclerotic changes.

Methods:
Subjects without known diabetes (n = 1985) were randomly selected from the Chennai Urban Rural Epidemiology 
Study, an ongoing population-based study on a representative population (aged ≥20 years) of Chennai, 
the largest city in Southern India. Augmentation index was measured using the Sphygmocor apparatus  
(Sphygmocor BPAS-1; PWV Medical, Sydney, Australia). Serum lipids were measured in an overnight fasting 
sample along with other biochemical parameters. Indian Diabetes Risk Score includes four parameters: age, 
abdominal obesity, family history of type 2 diabetes, and physical activity.

Results:
Arterial stiffness values increased with an increase in IDRS. Subjects with IDRS ≥60 had significantly higher AI 
(24.6 ± 7.2; p < .001) compared to subjects with an IDRS of 30–60 (16.4 ± 5.5; p < .001) and with IDRS <30 
(13.3 ± 4.5), and the p for trend was statistically significant (<.001). Pearson correlation analysis in the total 
population revealed that AI was significantly correlated with age (p < .001), systolic and diastolic blood 
pressure (p < .001), IDRS (p < .001), glycated hemoglobin A1c (A1C) (p < .001), serum cholesterol (p < .001), 
serum triglycerides (p < .001), high-density lipoprotein (HDL) cholesterol (p < .001), low-density lipoprotein 
cholesterol (p < .001), and non-HDL cholesterol (p < .001). In linear regression analysis, IDRS showed a significant 
association with AI even after adjusting for blood pressure, smoking, insulin resistance, A1C, cholesterol,  
and triglycerides (β = 6.388; p < .001).

Conclusion:
This study shows that, in addition to identifying unknown diabetes, IDRS also helps to identify those with 
arterial stiffness.
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Introduction

India currently leads the world in the number of 
people with diabetes (40 million), and this number is 
expected to increase to 70 million by 2025, accounting 
for one-fifth of the world’s population of diabetes.1 
This rising trend predicts a significant health burden due 
to diabetes in India in the future. Unfortunately, more 
than 50% of the subjects with diabetes in India remain 
undiagnosed, which could add to the disease burden, 
as this increases the risk of developing complications of 
diabetes.2 The prevalence of impaired glucose tolerance, 
a known risk factor for cardiovascular mortality,3 is also 
high in India.4,5 As diabetes shares many characteristics 
and risk factors with cardiovascular disease (CAD),6,7 
the risk for CAD is also indirectly escalating with the 
increase in prevalence of diabetes. Estimates from the 
Global Burden of Disease Study project that India will 
have the greatest burden due to coronary artery disease  
in the future.8

Coronary atherosclerosis has been shown to initiate 
early in life, many years before clinical manifestations of 
CAD.9 Changes in the arterial wall can lead to increased 
arterial stiffness, which has been shown to influence 
cardiovascular prognosis adversely.10 Thus, measuring 
arterial stiffness has been recommended in the 
preventative management of CAD.11 Augmentation index 
(AI) has been associated with the presence of coronary 
atherosclerosis and increased level of cardiovascular 
risk.12,13 Our earlier study has shown that AI was found 
to be significantly greater among diabetic subjects 
compared to age- and sex-matched nondiabetic subjects, 
confirming diabetic subjects have an increased tendency  
to develop premature atherosclerosis.14

With the increasing prevalence of diabetes and coronary 
artery disease in India,1,8 early detection of subjects 
with high risk for diabetes and CAD using a simple but 
robust tool would be of great clinical significance and 
would help make screening programs more cost-effective.  
In this context, we evolved the Indian Diabetes Risk Score 
(IDRS), a simplified risk score for identifying undiagnosed 
diabetic subjects using four simple parameters: age, 
waist circumference, family history of diabetes, and 
physical activity.15 Indian Diabetes Risk Score has been 
validated using receiver operating characteristic (ROC) 
curves to identify the optimum value for determining 
diabetes diagnosed using World Health Organization 
(WHO) consulting group criteria. Sensitivity, specificity, 
positive and negative predictive values, and accuracy 

for predicting undiagnosed diabetes were calculated for 
different cutoff scores.15 Indian Diabetes Risk Score is 
an inexpensive tool for screening undiagnosed diabetes, 
and it requires minimum time and effort. A score of 60 
was found to have optimum sensitivity and specificity 
for detecting undiagnosed diabetes.

The present study was undertaken to determine the 
association of IDRS with AI, a preclinical marker of early 
atherosclerotic changes, in an Asian Indian population 
using a population-based study.

Research Design and Methods

The study subjects were recruited from the Chennai 
Urban Rural Epidemiology Study (CURES), an ongoing 
epidemiological study conducted on a representative 
population (aged ≥20 years) of Chennai (formerly Madras), 
the fourth largest city in India. The methodology of 
the study has been published elsewhere.16 Briefly, in 
phase 1 of the urban component of CURES, 26,001 
individuals were recruited based on a systematic random 
sampling technique. Fasting capillary blood glucose 
was determined using a OneTouch Basic glucose meter 
(LifeScan, Johnson & Johnson, Milpitas, CA) in all subjects. 
Subjects were classified as “known diabetic subjects” if 
they stated that they had diabetes and were on the 
treatment.

In phase 2 of CURES, all the known diabetic subjects  
(n = 1529) were invited to our center for detailed studies 
on vascular complications, and 1382 responded (response 
rate 90.3%). In addition, 10% of newly detected diabetic 
subjects, 15% of subjects with impaired fasting glucose, 
and 10% of subjects with normal fasting glucose in phase 1  
were requested to undertake an oral glucose tolerance test. 
Subjects without known diabetes and those with 2  h 
post glucose value <11.1 mmol/liter (200 mg/dl)17 were 
randomly recruited (using computer-generated random 
numbers) (n = 1985) for the present study. Institutional 
ethical committee approval was obtained from the 
Madras Diabetes Research Foundation Ethical Committee, 
and written informed consent was obtained from all 
study subjects.

Anthropometric Measurements
Anthropometric measurements, including weight, height, 
and waist measurements, were obtained using standardized 
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techniques as detailed elsewhere.16 The body mass 
index (BMI) was calculated using the following formula:  
weight (kg)/height (m2). Blood pressure was recorded 
in the sitting position in the right arm to the nearest  
2 mmHg using the mercury sphygmomanometer 
(Diamond Deluxe BP apparatus, Pune, India).  
Two readings were taken 5 min apart, and the mean of 
the two was taken as the blood pressure. If the difference 
between the first and the second reading was >6 mmHg  
for systolic and/or >4 mmHg for diastolic pressure,  
then a third reading was taken.

Biochemical Parameters
Fasting plasma glucose (glucose oxidase-peroxidase 
method), serum cholesterol (cholesterol oxidase-
peroxidase-amidopyrine method), serum triglycerides 
(glycerol phosphate oxidase-peroxidase-amidopyrine 
method), and high-density lipoprotein (HDL) cholesterol 
(direct method-polyethylene glycol-pretreated enzymes) 
were measured using Hitachi-912 Autoanalyser 
(Hitachi, Mannheim, Germany). The intra- and inter-
assay coefficient of variation for the biochemical 
assays ranged between 3.1% and 7.6%. Low-density 
lipoprotein (LDL) cholesterol was calculated using the 
Friedewald formula. Glycated hemoglobin A1c (A1C) 
was estimated by high-pressure liquid chromatography 
using the Variant machine (Bio-Rad, Hercules, CA).  
The intra- and inter-assay coefficient of variation of A1C 
was <10%. Serum insulin was estimated by enzyme-
linked immunosorbent assay and insulin resistance 
calculated using the homeostasis assessment model for 
insulin resistance (HOMAIR) using the following formula: 
fasting insulin (μI/ml) fasting glucose (mmol/liter)/22.5.

Indian Diabetes Risk Score
The IDRS was developed based on multiple logistic 
regression model using four simple parameters, namely,  
age, abdominal obesity, family history of diabetes, and  
physical activity as described elsewhere.15 The information 
for these risk factors was obtained based on four simple 
questions and one anthropometric measurement, namely, 
waist circumference, and was coded as shown:

1.	 Age: <35 years, coded 0; 35–49 years, coded 20; and 
≥50 years, coded 30.

2.	 Abdominal obesity: Male waist circumference <90 cm, 
coded 0; ≥90–99 cm, coded 10; and ≥100 cm, coded 20. 
Female waist circumference <80, coded 0; ≥80–89 cm, 
coded 10; and ≥90 cm, coded 20.

3.	 Family history of diabetes: two nondiabetic parents, 
coded 0; one diabetic parent, coded 10; and two 
diabetic parents, coded 20.

4.	 Physical activity: vigorous, coded 0; moderate, coded 
20; and sedentary, coded 30.

Indian Diabetes Risk Score has been previously validated 
using ROC curves to identify the optimum value (>60%) 
for determining diabetes as diagnosed using WHO 
consulting group criteria. Sensitivity, specificity, positive and 
negative predictive values, and accuracy for predicting 
undiagnosed diabetes were calculated for different cutoff 
scores.15 Subjects with an IDRS value <30 was categorized 
as low risk, those between 30 and 60 as medium risk, 
and those with ≥60 as high risk for diabetes.

Arterial Stiffness (Augmentation Index)
Arterial stiffness was measured using the Sphygmocor 
apparatus (Sphygmocor BPAS-1; PWV Medical, Sydney, 
Australia) as previously discussed.14,18 In brief, a high-
fidelity micromanometer (SPC-301; Millar Instruments, 
Houston, TX) was used to flatten but not occlude the  
right radial artery using gentle pressure. When the two  
surfaces are flattened, circumferential pressures are 
equalized, and an accurate pressure waveform can be 
recorded. Data were collected directly into a portable 
microcomputer. The system software allowed online 
recording of the peripheral waveform, which was assessed 
visually to ensure that the best possible recording was 
obtained and that artifacts from movement were minimized. 
After 20 sequential waveforms had been acquired, the 
integral software was used to generate an averaged 
peripheral and corresponding central waveform that  
was used for the determination of the AI. Augmentation 
index was defined as the difference between the first and 
second peaks of the central arterial waveform, expressed  
as a percentage of the pulse pressure.19

Augmentation index is a measure of the contribution 
that the wave reflection makes to the arterial pressure 
waveform. The amplitude and timing of the reflected 
wave ultimately depends on the stiffness of the small 
vessels and large arteries, and thus AI provides a 
measure of systemic arterial stiffness.20 Pulse-wave 
analysis has been demonstrated as a reproducible, 
noninvasive method for assessing AI.

Statistical Analysis
Student’s t-test or one-way analysis of variance (with 
Turkey’s Honestly Significant Difference), as appropriate, 
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was used to compare groups for continuous variables, 
and Chi-square test or Fisher’s exact test, as appropriate, 
was used to compare proportions. Pearson’s correlation 
analysis was carried out to determine the correlation of 
AI with IDRS and cardiovascular risk factors. Regression 
analysis was done to determine the association of IDRS 
with AI. All analyses were done using Windows-based 
SPSS statistical package (Version 10.0, Chicago) and  
p values <.05 were taken as significant.

Results
Table  1 presents the clinical and biochemical 
characteristics of the study subjects in relation to 
the grades of IDRS. With increasing IDRS, there was 
an increase in BMI (p value for trend <.001), systolic 
blood pressure (p value for trend <.001), diastolic blood 
pressure (p value for trend <.01), fasting plasma glucose 
(p value for trend <.01), A1C (p value for trend <.001), 
HOMAIR p value for trend <.01), total cholesterol (p value 
for trend <.01), triglycerides (p value for trend <.01), 
LDL cholesterol (p value for trend <.01), and non-HDL 
cholesterol (p value for trend <.01).

Arterial stiffness values increased with an increase in 
IDRS. Subjects with IDRS ≥60 had significantly higher 

AI (24.6 ± 7.2; p < .001) compared to subjects with IDRS 
30–60 (16.4 ± 5.5; p < .001) and with IDRS <30 (13.3 ± 4.5), 
and the p value for trend was statistically significant 
(<.001) (Figure 1).

Table 2 presents the Pearson correlation analysis in the 
total population, which reveals that AI was significantly 
correlated with age (p < .001), systolic and diastolic 
blood pressure (p < .001), IDRS (p < .001), A1C (p < .001), 

Table 1.
Clinical and Biochemical Characteristics of Study Subjects in Relation to Grades of Indian Diabetes Risk 
Score

Parameters
IDRS <30
(n = 143)

IDRS 30–60
(n = 1057)

IDRS ≥60
(n = 785)

Age (years) 28 ± 6 32 ± 8a 48 ±11a,b,c

BMI (kg/m2) 20 ± 3 22 ± 4a 24 ± 4a,b,c

Systolic blood pressure (mmHg) 109 ± 12 113 ± 15a 124 ± 18a,b,c

Diastolic blood pressure (mmHg) 69 ± 10 71 ± 11d 77 ± 11a,b,c

Fasting plasma glucose (mg/dl) 83 ± 8 84 ± 9 88 ± 11a,b,c

A1C (%) 5.3 ± 0.43 5.4 ± 0.45a 5.7 ± 0.5a,b,c

HOMAIR 1.5 ± 1.1 1.8 ± 1.2 2.1 ± 1.4a,b,c

Total cholesterol (mg/dl) 160 ± 32 170 ± 37 d 188 ± 38a,b,c

Serum triglycerides (mg/dl) 99 ± 67 107 ± 70 129 ± 72a,b,c

LDL cholesterol (mg/dl) 99 ± 24 105 ± 32 118 ± 32a,b,c

HDL cholesterol (mg/dl) 41 ± 9 42 ± 10 43 ± 10

Non-HDL cholesterol (mg/dl) 119 ± 31 127 ± 35d 144 ± 36a,b,c

a p < .001 compared to IDRS <30.
b p < .001 compared to IDRS 30–60.
c p for trend <.01
d p < .01.

Figure 1. Arterial stiffness measured by augmentation index in 
relation with grades of IDRS. In the second bar, p < .01. In the third 
bar, p < .001 compared to IDRS < 30 and p < .001 compared to IDRS 
30–60.
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triglycerides were introduced as independent variables. 
Indian Diabetes Risk Score showed a significant association 
with AI even after adjusting for blood pressure, smoking, 
insulin resistance, A1C, cholesterol, and triglycerides  
(β = 6.388; p < .001).

Discussion
The main findings of the study are as follows:  
(1) arterial stiffness measured by AI was increased with 
the increase in IDRS; (2) AI was significantly associated 
with IDRS and other cardiovascular risk factors; and  
(3) Indian Diabetes Risk Score is independently associated 
with AI even after adjusting for blood pressure, smoking, 
HOMAIR, A1C, cholesterol, and triglycerides.

The rising trend in diabetes and CAD in India necessitates 
early detection and prevention. Several studies from the 
West21,22 and the Indian subcontinent have formulated 
diabetes risk scores for detecting undiagnosed diabetes.15 
Most of these scores have used multiple questions, 
inclusive of dietary pattern and use of antihypertensive 
drugs,21,22 while others included both waist circumference 
and BMI in the score.23 We have reported earlier on 
the formulation of the IDRS and showed that IDRS was 
found to be useful in detecting undiagnosed diabetes, 
metabolic syndrome, and coronary artery disease in 
the population.15,24 We also showed that IDRS was one of 
the strongest predictors of incident diabetes in our 
population.25 However, its association with arterial stiffness 
or atherosclerosis has not been examined. In this study, 
we found that IDRS was significantly correlated with 
arterial stiffness as measured by AI.

Because diabetes is a well-known cardiovascular risk 
equivalent, we restricted our study to subjects without 
diabetes. The present study suggests that individuals with 
a “medium” or “high” IDRS had significantly higher AI, 
indicating that even subjects without diabetes with 
increased IDRS are at risk for CAD.

Assessment of cardiovascular risk has been carried out 
using different scores that were developed specifically 
for populations where CAD is present (SMARTscore, 
Epidemiological Prevention Study of Zoetermeer risk 
score) or absent (Equitable Stroke Control score).26–28 
In most studies, AI has been evaluated in patients with 
diabetes, hypertension, or end-stage renal failure.18,29 

Our study is unique in that we assessed AI in a 
population without diabetes. Earlier studies have 
documented that age30 and diastolic blood pressure31 are 
known determinants of AI. Our observation that AI was 

Table 2.
Pearson Correlation Analysis of Augmentation 
Index with Other Risk Variables in Total Subjects

AI

r value p value

Age 0.443 <.001

BMI 0.017 .480

Waist circumference 0.021 .396

Systolic blood pressure 0.148 <.001

Diastolic blood pressure 0.164 <.001

IDRS 0.314 <.001

HOMAIR 0.138 .002

A1C 0.140 <.001

Serum cholesterol 0.168 <.001

Serum triglycerides 0.079 .001

HDL cholesterol -0.124 .001

LDL cholesterol 0.125 <.001

Non-HDL cholesterol 0.140 <.001

Table 3.
Linear Regression Analysis Using Augmentation 
Index as a Dependent Variable and Status of 
Indian Diabetes Risk Scoreas as an Independent 
Variable

Parameters β p value

Model 1: 
IDRS unadjusted 7.309 <.001

Model 2:
Model 1 adjusted for blood 
pressure and smoking

6.778 <.001

Model 3:
Model 2 adjusted for HOMAIR 
and A1C

6.828 <.001

Model 4:
Model 3 adjusted for serum 
cholesterol and triglycerides

6.388 <.001

serum cholesterol (p < .001), serum triglycerides (p < .001), 
HDL cholesterol (p < .001), LDL cholesterol (p < .001), and 
non-HDL cholesterol (p < .001).

Linear regression analysis was performed using AI as the 
dependent variable and IDRSs as independent variables 
to determine the association of IDRS with AI (Table 3). 
In model 1, the individual contribution of IDRS to AI was 
determined; in model 2, blood pressure and smoking 
were introduced as independent variables; in model 3, 
insulin resistance and A1C were introduced as an 
independent variable; and in model 4, cholesterol and 
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correlated with age and diastolic blood pressure in a 
population that was free from any atherosclerotic disease  
is consistent with previous reports.31–33

It is well established that CAD can be prevented by 
interventions like lifestyle modification and use of 
statins, fibrate, or antihypertensive therapy.34–37 It is 
essential to identify subjects with cardiovascular risk 
early. Screening for arterial stiffness as an indicator of 
increased cardiovascular risk12,13 is extremely difficult for 
large epidemiological studies, especially in a developing 
country like India. In this context, the IDRS appears to  
be of great significance, as it identifies individuals with 
higher cardiovascular risk. Subjects with medium- and 
high-risk scores can be advised to undergo lifestyle 
intervention by changes in diet, weight reduction, or 
drug therapy, if required. Indian Diabetes Risk Score 
includes the conventional cardiovascular risk factors, 
namely, age, waist circumference, family history of 
diabetes, and physical inactivity. Studies have shown 
that changes in the arterial wall can lead to increased 
arterial stiffness. Therefore, IDRS could be a powerful 
predictor of atherosclerosis because of its independent  
association with arterial stiffness.

Given that the various components of arterial stiffness, 
namely, age, physical inactivity, waist circumference, 
and family history of diabetes, are all associated with 
cardiovascular risk, it is hardly surprising that IDRS, 
which is a composite of these four, is associated 
with increased arterial stiffness. Although this is not 
an unexpected finding, given its simplicity, ease of 
measurement, and low cost, IDRS could help to identify 
people with arterial stiffness. This is thus an extension 
of the uses of IDRS not just for a clinician but even for a  
lay person to identify people at risk for CAD in a public 
health/prevention setting.

The strengths of the study are that it is a population-
based sample and the study numbers are fairly large. 
However, being a cross-sectional study, it limits its 
applicability for predicting diabetes and CAD. Prospective 
studies are thus urgently needed to validate the IDRS  
in predicting AI.

In summary, this study shows that, in addition to 
identifying unknown diabetes in the community, IDRS 
also helps to identify those with arterial stiffness.
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