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Abstract
BACKGROUND 
The established cardiovascular risk factors cannot explain the overall risk of 
coronary artery disease (CAD), especially in women. Therefore, there is a growing 
need for the assessment of novel biomarkers to identify women at risk. The 
receptor for advanced glycation end products (RAGE) and its interaction with the 
advanced glycation end product (AGE) ligand have been associated with athero-
genesis. The soluble fraction of RAGE (sRAGE) antagonizes RAGE signaling and 
exerts an antiatherogenic effect.

AIM 
The study aim was to explore the association between plasma levels of sRAGE 
and CAD in nondiabetic postmenopausal women.

METHODS 
This case-control study included 110 nondiabetic postmenopausal women who 
were enrolled in two groups. Group I included 55 angiographically proven CAD 
subjects with > 50% stenosis in at least one of the major coronary arteries and 
Group II included 55 healthy control women who did not have CAD or had < 50% 
stenosis of the coronary arteries. Stenosis was confirmed by invasive angiography. 
Plasma sRAGE was determined by an enzyme-linked immunosorbent assay.

RESULTS 
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We observed significantly lower plasma sRAGE concentrations in subjects with 
CAD vs healthy controls (P < 0.05). Univariate and multivariate logistic regression 
analysis also revealed a significant correlation between plasma sRAGE levels and 
CAD (P = 0.01). Multivariate odds ratios for CAD revealed that subjects with 
sRAGE concentrations below 225 pg/mL (lowest quartile) had a 6-fold increase in 
CAD prevalence independent of other risk factors.

CONCLUSION 
Our findings indicated that low sRAGE levels were independently associated 
with CAD in nondiabetic postmenopausal women. Risk assessment of CAD in 
postmenopausal women can be improved by including sRAGE along with other 
risk factors.

Key Words: Coronary artery disease; Soluble receptor for advanced glycation end 
products; Postmenopausal status; Nondiabetic females; Correlation; Regression
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Core Tip: The growing need for the assessment of novel biomarkers led us to identify 
the risk in women. The receptor for advanced glycation end products (RAGE) and its 
interaction with the AGE ligand have been shown to play an important role in 
promoting atherosclerosis. The soluble fraction of RAGE (sRAGE) binds to ligands 
and antagonizes RAGE signaling, thereby exerting an antiatherogenic effect. This 
study established that low levels of sRAGE in plasma are independently associated 
with the presence of coronary artery disease in nondiabetic postmenopausal females.
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INTRODUCTION
Coronary artery disease (CAD) is a leading cause of morbidity and mortality 
throughout the world. The incidence of CAD is rising rapidly in India, and it is 
projected that more than 50% of CAD cases in the world will in from India by 2025[1]. 
Atherosclerosis is the most common cause of CAD. It causes luminal narrowing, which 
creates an imbalance between supply and demand, thereby impairing the coronary 
reserve. The etiology of CAD is multifactorial. Traditional risk factors include diabetes, 
hypertension (HTN), hyperlipidemia, smoking, family history, physical inactivity, 
obesity, and others. Along with the classical risk factors, oxidative stress and inflam-
mation are now considered as significant risk factors of CAD. Evidence in the 
literature supports significant positive correlations between various inflammatory 
mediators including high-sensitivity C-reactive protein (hsCRP), homocysteine, 
lipoprotein (Lp)-a, matrix metalloproteinases, and tissue inhibitor of matrix metallo-
proteinase and development of CAD[2]. Postmenopausal status is an important risk 
factor of CAD, and cardiovascular disease is more common in postmenopausal than in 
premenopausal women because of decreased endogenous estradiol in that age 
group[3]. Postmenopausal status is the strongest predictor in women, but it is the least 
studied factor compared with other traditional risk factors.

Numerous reports in the literature state that CAD occurs in the absence of major 
risk factors in about one-third of patients in India[4]. Therefore, the overall risk of 
CAD cannot be explained by traditional and established cardiovascular risk fac-
tors[4-6]. The elucidation of novel biomarkers is the need of the hour to identify 
women at risk. One of the candidate genes that potentially accounts for an inherited 
predisposition to CAD is receptor for advanced glycation end products (RAGE) 
together with its soluble circulating form, sRAGE, and an endogenous secretory form 
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called esRAGE.
RAGE is a transmembrane receptor of the immunoglobulin superfamily, and it is 

located in the major histocompatibility complex (gene 6 p21.3)[7]. It can interact with 
various ligands involved in inflammation, atherosclerosis, and vasoconstriction[8] and 
is highly expressed at the site of vascular pathology[9]. Activation of the RAGE-
dependent pathway is followed by many deleterious effects occur like activation of 
nuclear factor-B, increased cytokines, and induction of oxidative stress[10,11]. 
Advanced glycation end products (AGEs) are RAGE ligands for RAGE and their 
interaction results in coronary atherosclerosis[12]. AGE-RAGE interaction and the 
subsequent effects are also of great importance in diabetic vasculopathy. Recent 
studies have shown the key role of this signaling pathway in nondiabetic atheroscle-
rosis[13].

sRAGE is produced by the cleavage of membrane-bound RAGE. It consists of the 
extracellular ligand-binding domain only and lacks both cytoplasmic and trans-
membrane domains[14]. It circulates abundantly in blood and antagonizes RAGE 
signaling[15]. There are two schools of thoughts regarding the association of sRAGE 
and CAD. Some investigators believe that decreased levels of sRAGE increase the risk 
of CAD; others believe that increased levels of sRAGE increase the risk of CAD. Many 
experimental and clinical studies have assessed the association and correlation of the 
plasma levels of sRAGE and CAD, but whether increased or decreased levels of 
sRAGE are associated with CAD remains controversial. Moreover, very few of those 
studies were carried out in Indian populations, especially in postmenopausal women. 
In this study, we aimed to assess the correlation between plasma levels of sRAGE and 
CAD in postmenopausal women.

MATERIALS AND METHODS
Study design
This case-control prospective observational study was conducted at the Advanced 
Cardiac Center of the Postgraduate Institute of Medical Education and Research 
(PGIMER), Chandigarh. After screening, we enrolled 110 nondiabetic postmenopausal 
women and assigned them to two groups. Group I included women with CAD and > 
50% stenosis in at least one of the major coronary arteries (n = 55). and Group II 
included healthy women without CAD and with < 50% stenosis in the coronary 
arteries. Each study subject underwent coronary angiography following the cardiac 
center protocol. The indications for angiography were suspicion of CAD or 
preoperative screening for CAD in subjects with valvular disease. Exclusion criteria 
were patients with diabetes, premenopausal female, surgery or trauma during the 
month preceding the study, known cardiomyopathy, known malignant diseases, 
known febrile conditions, subjects using lipid lowering agents, acute or chronic 
inflammatory disease, connective tissue disorder, renal insufficiency (creatinine > 1.5 
mg/dL), abnormal liver function, patients with heart failure or cardiogenic shock, 
refusal to give informed consent and patient with any neoplasm. Subjects having a 
concentration of hsCRP > 10 mg/L, a level considered to be indicative of clinically 
relevant inflammatory conditions, were also excluded from the study[16].

Ethical approval and informed consent: The study was conducted following the 
ethical standards detailed in the Declaration of Helsinki[17] and was approved by the 
Institute ethical committee. Informed consent was obtained from all the patients after 
explaining the protocol prior to their enrolment in the study.

Clinical examination and parameters
All participants underwent a standard clinical examination. All cardioactive drugs 
used by the patients were registered, with particular regard to beta-blockers, calcium-
antagonists, ACE inhibitors, antiplatelet drugs, statins, and nitrates. Clinical character-
istics including height, weight, smoking status, blood pressure (BP), waist circum-
ference, family history of CAD, and body mass index (BMI, kg/m2) were documented. 
According to the Asian classification, a BMI of < 18.5 kg/m2 is underweight, 18.5-22.99 
kg/m2 is normal, 23.0-27.49 kg/m2 is overweight and > 27.5 kg/m2 is obese[18]. A waist 
circumference cutoff of 80 cm as applied for women[19]. Cigarette smoking was 
dichotomized into ever vs never, with ever smoking defined as having smoked daily 
for 1 year or more. Many patients had quit after the onset of CAD, hence the 
designation as ever smoking rather than current and former. HTN was defined as a 
systolic BP of > 140 and/or a diastolic BP of > 90 and/or on treatment with antihyper-
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tensives, following the eighth Joint National Committee guidelines[20]. American 
Diabetes Association guidelines, diabetes was taken as either fasting blood sugar (FBS) 
> 126 mg/dL, 2 h postprandial glucose > 200 mg/dL, glycosylated hemoglobin 
(HbA1c) > 6.5% or Rutherford backscattering spectroscopy > 200 mg/dL, with 
symptoms of hyperglycemia in an oral glucose tolerance test[21]. The study protocol 
excluded subjects with diabetes.

Laboratory methods
All laboratory determinations were performed in a blinded fashion. Before angio-
graphy, A 14 mL blood sample was collected from antecubital vein after an overnight 
fast, and 10 mL were immediately sent to different laboratories in PGIMER for testing 
as described below. The remaining 4 mL was collected in ethylenediaminetetraacetic 
acid vials and was centrifuged at 1000 g for 30 min for collection of plasma and 
immediately divided into aliquots. Plasma was stored at −80°C until performing the 
Lp(a) and sRAGE assays.

Lipid profile: All components of the lipid profile were measured in an autoanalyzer. 
Subjects were classified as dyslipidemic if they had levels of low-density lipoprotein 
cholesterol (LDL-C) > 100 mg/dL, high-density lipoprotein cholesterol (HDL-C) < 50 
mg/dL, triglycerides > 150 mg/dL or total cholesterol > 200 mg/dL[22].

Blood sugar: Plasma FBS and postprandial blood sugar (PPBS) were estimated by the 
glucose oxidase method. HbA1c was estimated by high-performance liquid chromato-
graphy.

hsCRP: hsCRP levels were estimated in samples of plasma containing suspensions of 
latex particles coated with monoclonal/polyclonal antibodies to human CRP. The 
plane polarized light passing through the solution was scattered in a manner propor-
tional to the CRP concentration. The intensity of the scattered light was measured 
against a standard curve prepared using known concentrations of the CRP antigen.

Plasma homocysteine: Plasma homocysteine levels were determined in heparinized 
blood samples with an enzyme cycling assay.

Renal function tests: For renal function tests, urea levels were measured by Fearon 
reaction and creatinine levels were measured by Jaffe’s alkaline picrate method in an 
autoanalyzer.

Lp(a): Lp(a) levels were estimated using a commercially available enzyme-linked 
immunosorbent assay kit (Assay Max Human Lp(a), Assaypro Catalog no: EL3001-1). 
This assay employed a quantitative sandwich enzyme immunoassay technique that 
measured human Lp(a) in less than 4 h. The normal Lp(a) value with this kit was 60-
180 μg/mL.

sRAGE: Plasma sRAGE levels were determined using a commercially available 
enzyme-linked immunosorbent assay kit (BioVendor, Catalog No: RD191116200R) 
following the manufacturer’s protocol. Briefly, a monoclonal antibody against sRAGE 
was used to capture sRAGE from plasma. Captured sRAGE was detected with a 
polyclonal anti-human sRAGE antibody. After washing, plates incubated with 
streptavidin-horseradish peroxidase, were developed with the appropriate substrate, 
and the OD450 was determined using an enzyme-linked immunosorbent assay plate 
reader. Measurements were performed in duplicate and the results were averaged and 
reported as pg/mL.

Coronary angiography
Coronary angiography was carried out in all the patients using a standard protocol. 
The catheter was inserted through femoral or radial artery and moved up to the 
coronary arteries. Radiocontrast was injected into the coronary arteries under X-ray 
guidance in order to display the coronary anatomy and possible luminal obstruction. 
Existing significant CAD was defined as stenosis in the major epicardial coronary 
arteries that reduced the lumen diameter by 50%.

Statistical analysis
The sample size of 55 in each group had a power of more than 90% and confidence 
intervals (CI) of 95%. The statistical analysis was carried out using the Statistical 
Package for Social Sciences version 20 (IBM Corp.) All quantitative variables were 
estimated using measures of central location (mean) and measures of dispersion 
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(standard deviation). Normality of data was checked by measures of skewness and 
Kolmogorov–Smirnov tests of normality. Normally distributed data in groups was 
expressed as means ± SD. For normally distributed data, differences of the case and 
control mean values were compared using Student’s t-tests. Qualitative or categorical 
variables like smoking history, HTN, and family history of CAD were reported as 
frequencies and percentages. Frequencies were compared using χ2 or Fisher’s exact 
tests, whichever was applicable. Pearson’s correlation was used to find the associations 
of variables like serum triglycerides, HDL-C, LDL-C, total cholesterol, Lp(a), and 
sRAGE. The CAD patients and controls were categorized in quartiles of the plasma 
sRAGE concentration in the entire study cohort. The interquartile cutoffs of sRAGE 
concentration were categorized into four categories: I < 225 pg/mL, II = ³225 to < 397.5 
pg/mL, III = ³397.5 to < 730 pg/mL, and IV ³730 pg/mL. To evaluate the risk 
associated with decreasing levels of sRAGE, odds ratio (ORs) for each quartile in the 
entire study cohort relative to the fourth quartile were calculated. To determine 
independent predictors of CAD, univariate and multivariate logistic regression were 
performed for categorical variables like age, HTN, and family history of CAD, and for 
continuous variables like waist circumference, total cholesterol, triglycerides, LDL-C, 
HDL-C, Lp(a), hsCRP, and sRAGE. Lastly, Pearson’s correlation was used to find any 
correlation between sRAGE levels and other biochemical parameters. All baseline 
variables related to CAD with P < 0.01 and P < 0.05 in simple logistic regression 
analysis were included in the multivariate model. Crude and multivariate adjusted 
ORs were reported with their 95%CIs. Values were considered statistically significant 
at the P < 0.01 and P < 0.05 levels.

RESULTS
Subject characteristics
The clinical and biochemical characteristics of the study subjects (Group I: Cases; 
Group II: Controls) are shown in Table 1. All the participants were postmenopausal 
women and with a similar socioeconomic status. All were never-smokers, 30 patients 
and 24 control subjects had HTN, and 26 patients and 14 control subjects had family 
histories of CAD. Student’s t-tests found no significant differences in age, BMI, waist 
circumference, lipid profile, FBS, PPBS, HbA1c, creatinine, hsCRP, homocysteine, 
Lp(a), and sRAGE. Chi-square tests found no significant differences in HTN or family 
history of CAD. No significant differences in age, BMI, waist circumference, HTN, low 
physical activity, total cholesterol, LDL-C, HDL-C, sugar profile (FBS/ PPBS/ HbA1c), 
creatinine, and Lp(a) (P > 0.05) were observed among the study groups. Study subjects 
in Group I had significantly higher levels of triglycerides (TG), hsCRP, and homo-
cysteine along with a significant factor, i.e. family history of CAD, than those in Group 
II (P < 0.05). However, sRAGE levels were significantly lower in Group I (subjects with 
CAD) compared with Group II (subjects without CAD, P < 0.05).

Logistic regression
Univariate logistic regression analysis: To evaluate the significance of each factor in 
Table 1, univariate logistic regression analysis was performed. We observed significant 
differences in family history of CAD, serum cholesterol, LDL-C, homocysteine, Lp(a), 
hsCRP, and plasma sRAGE levels in the two groups. The results are shown in Table 2.

Multivariate logistic regression analysis: After controlling for family history of CAD, 
serum cholesterol, LDL-C, homocysteine, Lp(a), hsCRP and plasma sRAGE, multi-
variate logistic regression analysis revealed significant differences in the two groups, 
thus indicating them as independent predictor of CAD (P < 0.05). However, no 
significant differences in association w observed with other parameters such as HTN, 
HDL-C and triglycerides. The results are shown in Table 3.

Quartiles of sRAGE and CAD
The plasma sRAGE concentration [mean: 474.89 (range: 30-4350) pg/mL] was 
significantly lower (P < 0.02) in CAD cases (Group I) compared with control subjects 
(Group II) [mean: 725.73 (range: 90-4800) pg/mL]. The study subjects were further 
categorized in quartiles of sRAGE concentration, which were found to be significantly 
different in the multivariate analysis. The interquartile sRAGE concentration cutoffs 
were Category I: < 225; Category II: ≥ 225 to < 397.5; Category III: ≥ 397.5 to < 730 and 
Category IV: ≥ 730. The numbers and percentages of subjects in each quartile of 
plasma sRAGE concentration, are shown in Table 4 and Figure 1. The number of CAD 
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Table 1 Baseline characteristics of the study subjects

Variable Group I (n = 55) Group II (n = 55) P value

Age (yr) 57.58 ± 7.75 56.29 ± 7.69 0.38

BMI (kg/m²) 25.41 ± 3.05 24.81 ± 3.79 0.35

WC (cm) 83.02 ± 5.17 81.42 ± 6.11 0.14

Serum CHOL (mg/dL) 175.33 ± 40.68 180.12 ± 37.12 0.52

Serum TG (mg/dL) 175.16 ± 48.67 150.09 ± 42.67 0.05

Serum HDL-C (mg/dL) 38.57 ± 6.89 40.59 ± 8.17 0.16

Serum LDL-C (mg/dL) 123.68 ± 27.73 113.17 ± 31.58 0.06

FBS (mg/dL) 92.89 ± 8.81 95.71 ± 10.14 0.12

PPBS (mg/dL) 133.33 ± 5.53 133.15 ± 3.76 0.84

HbA1c (%) 5.24 ± 0.19 5.28 ± 0.14 0.14

Serum creatinine (mg/dL) 0.79 ± 0.16 0.85 ± 0.23 0.09

Serum hsCRP (μg/mL) 5.26 ± 1.94 1.41 ± 0.44 0.00b

Plasma HC (μmol/L) 18.13 ± 5.39 12.83 ± 3.99 0.00b

Lp(a) (μg/mL) 294.36 ± 202.22 251.22 ± 221.42 0.28

sRAGE (pg/mL) 285 (30-2490) 540 (90-3450) 0.02a

Category 1 (< 225) 24 4 0.00b

Category 2 (≥ 225-< 397.5) 8 19 0.01a

Category 3 (≥ 397.5-< 730) 13 15 0.66

Category 4 (≥ 730) 10 17 0.12

Hypertension 30 24 0.25

Family history 26 14 0.01a

aP < 0.05.
bP < 0.01.
Data are means ± SD, median (interquartile range), or frequency counts, as appropriate. BMI: Body Mass Index; CHOL: Cholesterol; FBS: Fasting blood 
sugar; HbA1c: Glycosylated hemoglobin; HC: Homocysteine; HDL-C: High-density lipoprotein cholesterol; hsCRP: High-sensitivity C-reactive protein; 
LDL-C: Low-density lipoprotein cholesterol; Lp(a): Lipoprotein (a); PPBS: Post prandial blood sugar; sRAGE: Soluble receptor for advanced glycation end 
products; TG: Triglycerides; WC: Waist circumference.

cases was 6-fold higher in the first quartile (plasma sRAGE < 225 pg/mL), than in the 
control subjects (P = 0.00). In the second (sRAGE ≥ 225-< 397.5), third (sRAGE ≥ 397.5-
< 730) and fourth (sRAGE ≥ 730) quartiles, the number of control subjects was 2.38 (P = 
0.01), 1.15 (P = 0.66), and 1.7-fold higher (P = 0.12), respectively than the number of 
CAD patients.

Univariate and multivariate ORs
To evaluate the risk associated with decreasing levels of sRAGE, ORs for each quartile 
in all of the study groups relative to fourth quartile was calculated. As shown in Tables 
5 and 6, the ORs of CAD was significantly higher in the first quartile of sRAGE level 
compared with the fourth quartile (P = 0.001), but no significant differences were 
observed between second and fourth and third and fourth quartiles.

Pearson’s correlation
Pearson’s correlation was used to evaluate the significance of the relationships 
between sRAGE levels and other biochemical parameters. We found no significant 
correlations between sRAGE levels and total cholesterol, triglycerides, HDL-C, LDL-C, 
hsCRP, homocysteine, or Lp(a) levels (Table 7).
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Table 2 Univariate logistic regression analysis

95%CI for OR
Parameter SE P value OR

Lower Upper

Age (yr) 0.038 0.374 1.034 0.960 1.115

HTN 0.598 0.742 0.821 0.254 2.651

BMI (kg/m²) 0.202 0.354 1.206 0.812 1.791

WC (cm) 0.126 0.152 0.835 0.653 1.069

FH CAD 0.668 0.011a 0.184 0.050 0.680

S. CHOL (mg/dl) 0.017 0.001b 1.060 1.025 1.096

S.LDL-C (mg/dl) 0.024 0.008b 0.938 0.895 0.983

S.HDL-C (mg/dl) 0.041 0.963 1.002 0.924 1.087

S.TG (mg/dl) 0.008 0.350 0.993 0.978 1.008

HC (μmol/L) 0.079 0.00b 0.725 0.621 0.847

Lp(a) (μg/mL) 0.002 0.041a 0.996 0.993 0.999

sRAGE (pg/mL) 0.001 0.010a 1.002 1.001 1.003

hsCRP (μg/mL) 1.037 0.00b 0.023 1.001 0.178

aP < 0.05.
bP < 0.01.
BMI: Body mass index; CAD: Coronary artery disease; CHOL: Cholesterol; CI: Confidence interval; HC: Homocysteine; HDL-C: High-density lipoprotein 
cholesterol; hsCRP: High-sensitive C-reactive protein. HTN: Hypertension; LDL-C: Low-density lipoprotein cholesterol; Lp(a): Lipoprotein(a); OR: Odds 
ratio; SE: Standard error; sRAGE: Soluble receptor for advanced glycation end products; TG: Triglycerides; WC: Waist circumference.

Table 3 Multivariate logistic regression analysis

95%CI for OR
Parameter SE P value OR

Lower Upper

FH CAD 0.639 0.014a 4.827 1.379 16.904

S. CHOL (mg/dL) 0.017 0.002b 1.055 1.020 1.091

LDL-C (mg/dL) 0.024 0.011a 0.941 0.898 0.986

HC (mg/dL) 0.074 0.00b 0.734 0.635 0.848

sRAGE (pg/mL) 0.001 0.011a 1.001 1.0001 1.003

Lp(a) (μg/mL) 0.001 0.052 0.997 0.994 1.000

HTN 0.571 0.755 1.195 0.390 3.662

HDL-C (mg/dL) 0.040 0.853 0.993 0.918 1.073

TG (mg/dL) 0.008 0.265 0.991 0.976 1.007

hsCRP (μg/mL) 1.037 0.00b 0.023 0.003 0.178

aP < 0.05.
bP < 0.01.
CAD: Coronary artery disease; CHOL: Cholesterol; CI: Confidence interval; HC: Homocysteine; HDL-C: High-density lipoprotein cholesterol; hsCRP: 
High-sensitive C-reactive protein; HTN: Hypertension; LDL-C: Low-density lipoprotein cholesterol; Lp(a): Lipoprotein(a); OR: Odds ratio; SE: Standard 
error; sRAGE: Soluble receptor for advanced glycation end products; TG: Triglycerides.

DISCUSSION
CAD is a major cause of morbidity and mortality worldwide, and a large proportion of 
the cases of CAD occur in India. CAD mortality is declining in developed nations, but 
it is increasing in developing countries. In India, CAD prevalence has increased 4-fold 
over past two decades[23], and postmenopausal women are major contributors. 
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Table 4 Quartiles of soluble receptor for advanced glycation end products

Frequency distribution of CAD and control in sRAGE quartile categories

Group
sRAGE (pg/mL)

Case Control
Total P value

n 24 4 28< 225

% 43.6 7.3 25.5

19.16/0.00b

n 8 19 27≥ 225-< 397.5

% 14.5 34.5 24.5

5.9/0.01a

n 13 15 28≥ 397.5-< 730

% 23.6 27.3 25.5

0.19/0.66

n 10 17 27≥ 730

% 18.2 30.9 24.5

2.4/0.12

n 55 55 110Total

% 100.0 100.0 100.0

aP < 0.05.
bP < 0.01 (χ2 test).
CAD: Coronary artery disease; sRAGE: Soluble receptor for advanced glycation end products.

Table 5 Univariate odd ratios for prevalence of coronary artery disease in each category of soluble receptor for advanced glycation end 
products relative to category 4

95%CI
Category P value OR

Lower Upper

Category 1 vs 4 0.001 0.098 0.026 0.365

Category 2 vs 4 0.564 1.397 0.448 4.355

Category 3 vs 4 0.481 0.679 0.231 1.994

CI: Confidence interval; OR: Odds ratio.

Table 6 Multivariate odd ratios for prevalence of coronary artery disease in each category of soluble receptor for advanced glycation 
end products relative to category 4

95%CI
Category P value OR

Lower Upper

Category 1 vs 4 0.001 0.065 0.014 0.308

Category 2 vs 4 0.533 1.555 0.387 6.243

Category 3 vs 4 0.096 0.325 0.087 1.221

CI: Confidence interval; OR: Odds ratio.

Traditional risk factors like diabetes, HTN, hyperlipidemia and others cannot fully 
explain the occurrence of CAD in this population. Many studies have been done 
worldwide to find a correlation between emerging inflammatory risk factors like 
sRAGE and CAD. Such studies are lacking in India, especially in postmenopausal 
women. Postmenopausal women are more prone to CAD than premenopausal women 
because of decreased levels of protective estrogen[24]. Therefore, this study was 
undertaken in postmenopausal females to understand whether sRAGE, an emerging 
inflammatory risk factor, was independently correlated with CAD in postmenopausal 
women. To the best of our knowledge, our study is the first to demonstrate a 
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Table 7 Pearson’s correlation

Parameter CHOL LDL-C HDL-C TG hsCRP HC sRAGE Lp (a) 

CHOL 1 0.865b −0.616b 0.491b 0.052 0.090 −0.179 0.227

LDL−C 0.865b 1 −0.606b 0.646b 0.082 0.094 −0.197 0.205

HDL−C −0.616b −0.606b 1 −0.529b −0.157 −0.164 0.245 −0.169

TG 0.491b 0.646b −0.529b 1 −0.182 −0.002 −0.127 0.174

hsCRP 0.052 0.082 −0.157 −0.182 1 0.761b 0.011 −0.235

HC 0.090 0.094 −0.164 −0.002 0.761b 1 0.067 −0.226

sRAGE −0.179 −0.197 0.245 −0.127 0.011 0.067 1 0.158

Lp(a) 0.227 0.205 −0.169 0.174 −0.235 −0.226 0.158 1

aP < 0.05.
bP < 0.01.
CHOL: Cholesterol; HC: Homocysteine; HDL-C: High-density lipoprotein cholesterol; hsCRP: High-sensitive C-reactive protein; LDL-C: Low-density 
lipoprotein cholesterol; Lp(a): Lipoprotein (a); sRAGE: Soluble receptor for advanced glycation end products; TG: Triglycerides.

Figure 1 Plasma concentrations (pg/mL) of soluble receptor for advanced glycation end products. Group I included coronary artery disease 
cases and Group II included healthy controls. sRAGE: Soluble receptor for advanced glycation end products.

correlation between plasma sRAGE levels and CAD in nondiabetic postmenopausal 
women.

Amino groups of proteins bind non-enzymatically to carbonyl groups of reducing 
sugars to form glycated proteins known as AGEs. The altered proteins lose their 
normal functions. AGEs increase with ageing, but production is markedly accelerated 
in diabetes and with oxidative stress[26]. AGEs are associated with atherosclerosis in 
both diabetic and nondiabetic subjects and increases in the concentration of circulating 
AGEs are associated with the severity of CAD and adverse clinical outcomes[27]. In 
addition to extracellular interactions, some AGEs are as specific ligands RAGE, which 
is a membrane-bound receptor. It is a transmembrane receptor of the immunoglobulin 
superfamily and is expressed in endothelial, neuronal, smooth muscles, mesangial and 
mononuclear cells[7]. Bucciarelli et al[13] and Kislinger et al[28] demonstrated that 
even in the absence of diabetes, the ligand-RAGE axis plays an important role in 
vascular pathology and the development of atherosclerosis[28]. Again plaque instabi-
lity and rupture occur when there is over-expression of RAGE and plaque stabilization 
can be achieved by blocking RAGE[29]. EsRAGE and sRAGE are soluble forms of 
RAGE that are abundantly present in the circulation. EsRAGE is produced by 
alternative splicing of the gene for RAGE and sRAGE is produced by cleavage of 
membrane-bound RAGE[15]. They competitively inhibit the ligand-RAGE interaction 
and subsequent downstream signaling. sRAGE also serves as a scavenger receptor for 
circulating AGEs and other RAGE ligands[29]. Park et al[30] and Bucciarelli et al[13] 
infused sRAGE in a mouse model and demonstrated that it retarded the development 
of atherosclerosis[30]. To date, few studies have been performed to evaluate the role of 
sRAGE in human atherosclerosis. In a pioneer study, Falcone et al[31] first demon-
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strated an inverse association between levels of sRAGE and atherosclerosis in humans. 
In their case-control study, involving nondiabetic Italian men, plasma sRAGE levels 
were lower in subjects with CAD than in subjects without CAD. In addition, 
Kucukhuseyin et al[32] demonstrated that the sRAGE concentration was significantly 
associated with the presence and severity of CAD in nondiabetic Japanese sub-
jects[32]. All those studies found an inverse association of sRAGE level and CAD. In 
this study, we investigated the correlation between sRAGE and CAD in postmeno-
pausal nondiabetic Indian women. The study results are consistent with the earlier 
observations that decreased levels of sRAGE were significantly and independently 
associated with CAD.

The study included 110 nondiabetic postmenopausal women, 55 of whom had 
angiographically proven CAD (Group I) and 55 control subjects (Group II) who were 
proven by invasive angiography not to have CAD. Blood samples were collected and 
processed as described in the materials and methods and the results were systemat-
ically analyzed. Student t-tests and χ2 tests were performed for continuous variables 
and categorical variables respectively. When compared with subjects without CAD, 
those with proven CAD had a significantly higher serum TG, hsCRP, and 
homocysteine levels and a significant family history of CAD. However, the opposite 
was found to be true for plasma sRAGE levels, which were found to be significantly 
lower in subjects with CAD compared with those without CAD (P < 0.05). Univariate 
and multivariate logistic regression analysis also revealed a significant correlation 
between plasma sRAGE levels and CAD (P = 0.01). Multivariate ORs for CAD 
revealed that the study subjects with sRAGE concentrations below 225 pg/mL had a 6-
fold increase in CAD prevalence, independent of other risk factors. That finding is 
consistent with a study carried out by Falcone et al[31] that evaluated the correlation 
between sRAGE levels and CAD in Italian men, and found that low sRAGE levels (< 
776 pg/mL, the first quartile) were associated with a 6.719-fold increase in CAD 
prevalence, independent of the other risk factors[16]. Similar results were obtained by 
Mahajan et al[2], who reported in 2009, that subjects with low sRAGE levels (< 607 
pg/mL, the first quartile) were associated with a 13.6-fold increase in CAD prevalence, 
independent of other risk factors[2].

Pearson’s correlation failed to find any significant correlations between sRAGE 
levels and other biochemical parameters like total cholesterol, triglycerides, HDL-C, 
LDL-C, hsCRP, homocysteine, or Lp(a) levels. That finding is in contrast to a report by 
Basta et al[33], who demonstrated a positive correlation between sRAGE and HDL 
levels in an Italian population[33]. Our finding that no correlation existed between 
sRAGE levels and HTN contradicts a study by Geroldi et al[34] finding that 
hypertensive subjects had lower levels of sRAGE compared with normotensive CAD 
subjects[34]. The cause for this discrepancy is not clear, but it could be explained by 
differences in the ethnicity and sex of the two studies. Our subjects were all postmeno-
pausal Indian women. We also found that sRAGE levels were lower in women. A 2005 
study in nondiabetic Italian men by Falcone et al[31] reported mean sRAGE levels of 
966 pg/mL in cases and 1335 pg/mL in controls[16]. In our study population the 
means were 474.89 in cases and 725.73 pg/mL in controls. The observed differences 
could have resulted from different study populations and small sample size in our 
study.

In our study, we found a significant correlation between CAD and some bio-
chemical parameters. Univariate and multivariate analysis revealed a significant 
correlation between hsCRP and CAD. (P = 0.00) Our finding is consistent with 
Mahajan et al[2] and Haidari et al[35], who reported a positive correlation between 
increased sRAGE level and severity of CAD. Pearson’s correlation analysis found a 
strong positive correlation between hsCRP and homocysteine levels (r = 0.76, P = 0.00), 
which supports the observations of Liu and Ding[36], who also observed a positive 
correlation between serum homocysteine and hsCRP levels in CAD subjects. In our 
study, homocysteine emerged as an independent risk factor of CAD (P = 0.00), which 
supports the data of Schaffer et al[37] who also found a strong positive correlation 
between CAD and homocysteine levels[37].

Multivariate analysis revealed that a family history of CAD was an independent 
risk factor of CAD (P = 0.014). Our findings support Bachmann et al[38] reported in 
2012 that a family history of CAD was associated with a persistent increase in CAD 
and related mortality across a long-term follow-up[38]. Our study also revealed a 
significant positive correlations of CAD and total cholesterol (P = 0.002) and CAD and 
LDL-C levels (P = 0.011) It is clear that high hsCRP, homocysteine, Lp(a) levels and 
decreased sRAGE levels, when considered together, are the best predictor of 
development and progression of CAD.
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Our study has some limitations. First, the study population included only women 
from northern India. The results might not be obtained in other ethnic groups. Second, 
we determined only total sRAGE levels and not individual isoforms of sRAGE. Thus, 
it is possible that the observed reduction in sRAGE levels may reflect a reduction in a 
distinct circulating sRAGE isoform. Third, follow-up of the study subjects were not 
done. Therefore, the effects of drugs on the variables under consideration are not 
known. Last but not the least, the study sample size was small and might thus have 
been underpowered. Therefore, further studies in a larger number of subjects with 
CAD are warranted.

CONCLUSION
In conclusion, CAD in postmenopausal women cannot be fully explained by 
traditional risk factors. RAGE and its ligand, sRAGE play an important role in the 
development of atherosclerosis and CAD. Despite the limitations mentioned above, 
ours is the first study that included only postmenopausal nondiabetic women to 
demonstrate the correlation of decreased level of sRAGE with CAD. Our findings 
corroborate existing evidence that the pathogenesis of CAD involves many aspects of 
inflammation. Risk assessment for CAD in postmenopausal women can be further 
improved by considering sRAGE with other risk factors. Further studies in a large 
number of postmenopausal nondiabetic women from different geographical areas are 
needed to show that its correlation with the development of CAD is applicable to other 
ethnic groups.

ARTICLE HIGHLIGHTS
Research background
The overall risk assessment for coronary artery disease (CAD) in postmenopausal 
women cannot rely on traditional risk factors. Thus, assessment of novel markers is 
needed. Receptor for advanced glycation end products (RAGE) interaction is of great 
importance in diabetic vasculopathy and plays a key role in atherosclerosis.

Research motivation
The motivation was to add to what is known of the role of soluble fraction of RAGE 
(sRAGE) in Indian postmenopausal women.

Research objectives
The objective was to investigate the association and correlation between plasma levels 
of sRAGE and CAD in nondiabetic postmenopausal women.

Research methods
This case-control study included 55 angiographically proven CAD subjects with > 50% 
stenosis of at least one of the major coronary arteries and 55 healthy control women. 
Plasma sRAGE was determined with an enzyme-linked immunosorbent assay.

Research results
Plasma sRAGE concentrations were significantly lower in subjects with CAD than it 
was in healthy controls. A significant correlation between plasma sRAGE levels and 
CAD was observed using univariate and multivariate analysis.

Research conclusions
sRAGE was positively correlated with CAD independent of other traditional risk 
factors.

Research perspectives
sRAGE can be included in the assessment of CAD-risk in postmenopausal women.
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