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Abstract Studies are lacking in literature, which dem-

onstrate the cumulative impact of certain soluble markers

in predicting the severity of CAD. Serum hsCRP, MMP-9,

TIMP-1 and sRAGE levels were measured in non-diabetic

100 angiographically proven CAD patients (Group I) and

40 non-diabetic subjects with coronary risk factors and

without any lesions (Group II). Increased levels of serum

hsCRP, MMP-9, TIMP-1 and decreased levels of sRAGE

were observed in Group I as compared to Group II. Gensini

score, a measure for severity of CAD was found to be

positively correlated with serum hsCRP, MMP-9, TIMP-1

and negatively with sRAGE. Multivariate analysis revealed

serum MMP-9, hsCRP, sRAGE and family history as

predictors of severity of CAD with a cumulative sensitivity

and specificity of 92% and 82%, respectively. Cumulative

impact of these soluble markers, in addition to the estab-

lished markers will contribute to improve the predictive

value for the assessment of disease severity.

Keywords Pre-mature CAD � sRAGE � MMP-9 �
TIMP-1 � Gensini score

Introduction

Cardiovascular diseases (CVD) are major causes of mor-

tality and disease in the Indian subcontinent, causing more

than 25% of deaths. It has been predicted that these dis-

eases will increase rapidly in India and the country will be

host to more than half the cases of heart disease in the

world within the next 15 years [1]. It usually involves the

middle and older age group [2]. Evaluation of major cor-

onary risk factors in Indian patients undergoing angiogra-

phy has shown that in about one-third of the patients, the

disease occurs in absence of any major risk factors [3]. The

increasing incidence of CAD in young Indian population

(\55 years) is attributed to global industrialization, stres-

sed life, lack of exercise and increasing incidence of

smoking and alcohol consumption and other nutritional and

lifestyle factors [4].

C-reactive protein (CRP) is an acute-phase reactant,

which is a marker for underlying systemic inflammation.

There are two different tests for CRP. The standard test

measures a much wider range of CRP levels but is less

sensitive in the lower ranges. The hs-CRP test can more

accurately detect lower concentrations of the protein (as it

is more sensitive), which makes it more useful than the

CRP test in predicting a healthy person’s risk for cardio-

vascular disease [5]. hsCRP has a useful prognostic utility

in patients with myocardial infarction (MI) and unstable

angina [6, 7]. Further, several prospective studies have

shown that CRP is a predictor of increased risk for MI,

stroke or peripheral vascular disease in asymptomatic

individuals with no known coronary artery disease [8, 9].

Evidence in literature indicates that serum level of

matrix metalloproteinase-9 (MMP-9) levels might be a

sensitive inflammatory marker for prediction of cardio-

vascular mortality in patients with CAD [10, 11], and is
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known to contribute to the atherosclerotic lesion progres-

sion, plaque vulnerability and de novo atherosclerotic

remodelling [12]. MMP activity is controlled by endoge-

nous tissue inhibitors of MMPs (TIMPs). TIMP-1, the best

characterized TIMP has been shown to have high prog-

nostic value for the cardiovascular deaths among patients

with CVD [13].

The receptor for advanced glycation end products

(RAGE) is a multiligand receptor of the immunoglobulin

superfamily that engages diverse ligands relevant to the

pathogenesis of atherosclerosis. RAGE has a C-truncated

secreted isoform, termed soluble RAGE (sRAGE). Dif-

ferently from cell-surface RAGE, sRAGE blocks cell sur-

face RAGE-ligand binding and subsequent signalling by

acting as a decoy [14]. Recently, a couple of studies have

reported reduced levels of sRAGE as an important bio-

marker in hypertension [15], Alzheimer’s disease, vascular

dementia [16], mild congentive impairment [17] and in

non-diabetic subjects with coronary artery disease [18].

Among several classical risk factors for CAD develop-

ment, oxidative stress and inflammation are now being

considered as significant and novel risk factors for CAD

and other related manifestations. In literature, several

inflammatory mediators have been proven to correlate with

the severity or the prognosis of coronary artery disease.

From a clinical perspective, the question remains; will the

addition of these soluble molecules to the list of already

established coronary risk factors improve the predictive

value for the risk of CAD? The relationship among circu-

lating levels of hsCRP, MMP-9, TIMP-1, sRAGE and the

presence and extent of angiographically defined CAD has

seldom been investigated, and such studies are lacking in

Indian subjects of CAD. Therefore, in the present study, we

for the first time, investigated the correlation among serum

sRAGE, MMP-9, TIMP-1, hsCRP and the severity of

coronary artery disease in young subjects to evaluate their

impact on pre-mature coronary artery disease.

Materials and methods

Study population

Consecutive 140 non-diabetic subjects were enrolled in the

present study, who were visiting Cardiology Clinic at

Nehru Hospital for coronary angiography owing to coro-

nary artery disease or because of a clinical suspicion of

CAD in patients with multiple coronary risk factors. Group

I included 100 subjects with angiographically proven CAD.

Group II included 40 control subjects, if they had negative

treadmill test (TMT) or positive TMT but had no lesion on

angiography. Exclusion criteria for both the study groups

were as follows: myocardial infarction within 2 months

preceding the study, evidence of hemodynamically signif-

icant valvular heart diseases, congenital heart disease,

surgery or trauma during the month preceding the study,

known cardiomyopathy, known malignant diseases, febrile

conditions, acute or chronic inflammatory disease, vascular

diseases related to the connective tissue disorder, throm-

botic diseases on study entry, overt congestive heart fail-

ure, renal insufficiency and abnormal liver function.

Subjects having a concentration of hsCRP C10 mg/l, a

level considered to be indicative of clinically relevant

inflammatory conditions were also excluded from the

present study [19].

Pre-mature CAD is defined as CAD occurring before

age 65 years in women and age 55 years in men [20]. The

mean age for first presentation of acute myocardial

infarction in Indians is 53 years, irrespective of sex [21].

Keeping in mind the effects of this epidemic on the pro-

ductive workforce, we in the present study have recruited

subjects of either sex with age B55 years. Data on demo-

graphic factors, smoking habits, alcohol consumption, diet

and family history of cardiovascular diseases (hyperten-

sion, diabetes, obesity, etc.) in first-degree relative were

also recorded. All study participants underwent a standard

clinical examination. Body mass index (BMI) was calcu-

lated as weight divided by the square of height (kg/m2).

Alcohol intake and cigarette/beedi (a local type of tobacco)

smoking was dichotomized into ever versus never, with

ever smoking defined as having smoked daily for 1 year or

more. Many patients had quit alcohol intake/smoking after

onset of CAD; hence, designated as ever rather than current

and former. Patients with a systolic blood pressure

C140 mmHg and/or diastolic blood pressure C90 mmHg

(JNC VI definition) or on current use of antihypertensive

medication or use of antihypertensive medication for more

than 1 year were categorized as hypertensives. The sub-

jects were receiving identical drug therapy including

angiotensin converting enzyme (ACE) inhibitors, nitrates,

anti-platelets, b-blockers and statins.

The whole study was planned according to the ethical

standards detailed in the Declaration of Helsinki [22] and

according to the institutional guidelines. Before participa-

tion in the study, a written informed consent was obtained

from each subject after explaining the protocol. The study

was approved by the Institutional Ethics Committee.

Sampling

Venous blood was collected from the overnight-fasted

subjects in the morning from anticubital vein into plain

sterile tube for serum and in EDTA for plasma just before

the angiography and/or after TMT (in subjects who had

negative TMT). Serum/plasma was separated and stored at

-80�C for further analysis.
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Coronary angiography and severity of disease

Coronary arteries are produced as an image in the standard

fashion by coronary angiograms. Existing significant CAD

was defined as stenosis in the major epicardial coronary

arteries that reduced the lumen diameter of C50%. The

severity of coronary atherosclerosis in patients was asses-

sed by using the Gensini score (GS) [23] which grades

narrowing of the lumens of the coronary arteries as 1 for

1–25% narrowing, 2 for 26–50% narrowing, 4 for 51–75%

narrowing, 8 for 76–90% narrowing, 16 for 91–99% nar-

rowing and 32 for total occlusion. This score is then mul-

tiplied by a factor that takes into account, the importance of

the lesion’s position in the coronary arterial tree, for

example, 5 for the left main coronary artery, 2.5 for the

proximal left anterior descending coronary artery (LAD) or

proximal left circumflex coronary artery (LCX), 1.5 for the

mid-region of the LAD and 1 for the distal LAD or mid-

distal region of the LCX. The Gensini score was expressed

as the sum of the scores for all coronary arteries.

Measurement of lipid and lipoprotein profile

Total cholesterol (TC) and triglycerides (TG) levels were

measured with commercially purchased standard enzymatic

kits (Accurex Biomedical Pvt. Ltd.). High-density lipopro-

tein cholesterol (HDL-C) levels were determined in the

supernatant after the plasma was subjected to precipitation

with MgCl2 and phosphotungstic acid. Low-density lipo-

protein cholesterol (LDL-C) and very low-density lipopro-

tein (VLDL-C) values were calculated using Friedwald’s

formula [24].

Determination of circulating levels of MMP-9, TIMP-1,

sRAGE and hsCRP

Circulating levels of MMP-9 (QIA 56, Calbiochem),

TIMP-1 (QIA 54, Calbiochem), sRAGE (DRG00, R&D

Systems) and hsCRP (RK010A, Hyphen Co., France) were

determined in all the study subjects using commercially

available enzyme-linked immunoassays (ELISA) as per

manufacturer’s instructions.

Statistical analysis

Statistical analysis was performed using SPSS 14.0 for

Windows (SPSS Inc). The Kolmogorov–Smirnov test of

normality was used to verify whether the distribution of

variables followed a Gaussian pattern. Data were presented

as mean ± SD or percentages. Mean levels of different

groups were compared by t-test, Mann Whitney U or by

analysis of variance (ANOVA) as appropriate. Correlations

between variables were analyzed with Pearson’s coeffi-

cient. Simple (univariate) and multiple (multivariate)

logistic regression analysis were performed to determine

the association between CAD and all other variables.

Receiver operating characteristic (ROC) curves were con-

structed to determine the optimal values of variables,

which provided high sensitivity and specificity.

Results

Anthropometric characteristics

The clinical and laboratory features of the subjects are

shown in Table 1. The male:female ratio in Group I sub-

jects was 81:19 as compared to 27:13 in Group II subjects.

The two study groups were age and sex-matched and

belonged to similar socio-economic status. There were no

significant differences between two study groups regarding

age, BMI, smoking and alcohol intake, TC and HDL-C

(P [ 0.05), whereas TG levels were found to be signifi-

cantly higher in group I subjects (P \ 0.05). We observed

no significant difference in the mean systolic blood pres-

sure (SBP) recordings (P [ 0.05) in the two groups,

whereas diastolic blood pressure (DBP) recordings were

found to be significantly higher in the patient group sub-

jects (P \ 0.05). Group I subjects with CAD had signifi-

cantly higher levels of MMP-9 (P \ 0.001), hsCRP

(P \ 0.001) and TIMP-1 (p \ 0.05), when compared to the

serum levels in Group II subjects. However, sRAGE levels

were found to be significantly decreased in CAD subjects,

when compared to their control counterparts (P \ 0.001;

Table 1).

Comparison of MMP-9, TIMP-1, sRAGE and hsCRP

in sub-groups of CAD subjects

To address the clinical need for improved assessment of

risk among CAD subjects, we performed a sub-group

analysis.

Comparison of MMP-9, TIMP-1, sRAGE and hsCRP

in CAD subjects sub-grouped on the basis of smoking

When these patients were sub-grouped on the basis of

smoking, except sRAGE, all the other variables (MMP-9,

TIMP-1 and hsCRP) were found to be insignificantly dif-

ferent between CAD patients who were smokers versus

non-smokers. However, sRAGE levels were found to be

significantly lower in CAD subjects who were smokers

(n = 47; 784.32 ± 462.42 pg/ml) as compared to the non-

smokers (n = 53; 988.23 ± 532.5 pg/ml) (P \ 0.05).
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Comparison of MMP-9, TIMP-1, sRAGE and hsCRP

in CAD subjects sub-grouped on the basis

of alcohol intake

Similar to the data observed for the smokers, sRAGE was

found to be the only variable among all other variables,

which was significantly different (P \ 0.05) between

alcoholics (n = 28; 710.0 ± 431.23 pg/ml) and non-alco-

holics (n = 72; 963.32 ± 521.41 pg/ml).

Comparison of MMP-9, TIMP-1, sRAGE and hsCRP

in CAD subjects sub-grouped on the basis of presence

or absence of hypertension

Further, we categorized CAD subjects on the basis of

absence (n = 69) and presence (n = 31) of hypertension.

We observed that TIMP-1 levels were significantly higher

in hypertensive CAD subjects (328.52 ± 179.98 pg/ml) as

compared to those CAD subjects who were non-

hypertensive (257.16 ± 136.4 pg/ml) (P \ 0.05). sRAGE

levels were also found to be significantly different between

both these sub-groups (P \ 0.05) (CAD?HTN-:CAD?

HTN?::978.19 ± 561.32:701.42 ± 291.75 pg/ml). How-

ever, levels of hsCRP and MMP-9 were comparable in

these two sub-groups and the differences were not signif-

icant (P [ 0.05).

However, we observed no significant difference in any

of the parameters considered in this study, when sub-

grouped on basis of presence or absence of family history

and intake of drugs.

Statistical analysis

Correlation analysis among MMP-9, TIMP-1, hsCRP,

sRAGE and severity of CAD

We determined circulating levels of MMP-9, TIMP-1,

hsCRP and sRAGE in all the CAD patients using

Table 1 Baseline

characteristics of all the study

subjects

Data expressed as mean ± SD

and percentage

n number of subjects, NS non-

significant
a Chi-square test
b Mann Whitney U test

* P \ 0.05; *** P \ 0.001

Variables Group I (n = 100) Group II (n = 40) P

Age (years)

Range 24–55 24–55 NS

Mean ± SD 44.4 ± 7.9 41.6 ± 7.5 NS

Sex ratio (M:F) 81:19 27:13 NS

BMI (kg/m2) 22.68 ± 1.95 22.55 ± 2.95 NS

Blood pressure

SBP (mmHg) 125.47 ± 10.93 121.95 ± 9.21 NS

DBP (mmHg) 81.65 ± 9.19 77.50 ± 7.42 0.012*

Lipid and lipoprotein profile

TC (mg/dl) 190.01 ± 35.99 179.45 ± 29.65 NS

TG (mg/dl) 153.71 ± 56.60 132.71 ± 39.29 0.034*

HDL (mg/dl) 42.87 ± 9.14 44.92 ± 8.4 NS

LDL-C (mg/dl) 116.34 ± 32.57 107.98 ± 28.77 NS

Soluble markers

hsCRP (lg/ml) 5.76 ± 3.12 1.68 ± 1.9 \0.0001***

MMP-9 (ng/ml) 44.31 ± 19.93 15.74 ± 7.69 \0.0001***b

TIMP-1 (pg/ml) 279.29 ± 153.93 226.53 ± 84.58 0.043*

sRAGE (pg/ml) 892.39 ± 508.68 1611.90 ± 677.31 \0.0001***b

Risk factors

Hypertension (%) 31 0 –

Smoking (%) 47 38 NSa

Alcohol intake (%) 28 35 NSa

Medications

Aspirin 63 0 –

Nitrates 32 0 –

Calcium channel blockers 44 0 –

ACE Inhibitors 46 0 –

Angiotensin receptor blockers 14 0 –

Beta blockers 39 0 –

Statins 71 0 –
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immunoassay and further correlated these levels with the

severity of CAD. We found that Gensini score, a measure

of severity of CAD, was positively and significantly asso-

ciated with MMP-9 (r = 0.533; P \ 0.01), TIMP-1

(r = 0.513; P \ 0.01) and hsCRP (r = 0.547; P \ 0.01);

whereas sRAGE was found to be negatively correlated with

the severity of CAD (r = -0.342; P \ 0.01; Table 2).

Logistic regression

The results of logistic regression analysis are presented in

Tables 3–4 to evaluate significance of each variable in

Table 1. There were significant differences between the

two groups in terms of MMP-9, sRAGE, hsCRP levels and

family history. Multiple logistic regression analysis after

controlling for MMP-9, sRAGE, hsCRP and family history

demonstrated that both sRAGE and MMP-9 were inde-

pendently correlated with CAD (P \ 0.001). The other

independent predictors of CAD were the presence of

family history of CVD and hsCRP. However, no significant

association was observed with other parameters e.g. gen-

der, alcohol intake, smoking, lipids and lipoproteins.

Further, multivariate logistic regression revealed that

presence of family history of CVD and levels of hsCRP,

MMP-9 and sRAGE cumulatively are the best predictors of

CAD with 92% sensitivity and 82% specificity.

As MMP-9, hsCRP and sRAGE achieved significance,

ROC curves were constructed to determine the optimal

values, which provide high sensitivity and specificity. The

area under the curve (AUC) was determined, which was

significant for MMP-9 (AUC = 90.4%, P \ 0.001), hsCRP

(AUC = 87.4%, P \ 0.001) and sRAGE (AUC = 81.4%,

P \ 0.001). The sensitivity and specificity were calculated

for each possible threshold value of estimated probability

for the respective group. Cut-off value for MMP-9 levels,

which achieved an optimal sensitivity of 88% and speci-

ficity of 77.5% was 20.1 ng/ml, whereas for hsCRP levels,

87% sensitivity and 70% specificity was achieved at a cut-

off of 2.06 lg/ml. Similarly, sRAGE levels achieved an

optimal sensitivity of 72.5% and specificity of 77% at a cut-

off value of 1,088.5 pg/ml for prediction of CAD in these

subjects with pre-mature coronary artery disease (Fig. 1).

The patients with CAD and control subjects were further

categorized in quartiles based on the variables which were

found to be significant in multivariate analysis. We observed

that serum sRAGE was the only variable and not the serum

levels of MMP-9 and hsCRP (though, both have high levels

of significance as compared to the sRAGE), which demon-

strated a significant difference in differentiating CAD

patients from control subjects across the quartiles. The inter-

quartile cut-off points of levels of sRAGE were catego-

rized in four categories i.e. 1–4. The inter-quartile cut off

points of serum sRAGE levels were 607 pg/ml, 891 pg/ml,

1518 pg/ml; category 1, \607 pg/ml; 607 pg/ml B cate-

gory 2 \891 pg/ml; 891 pg/ml Bcategory 3 \1518 pg/ml;

category 4 C 1518 pg/ml.

The numbers of subjects (in terms of percentage),

according to the quartiles of sRAGE concentration are

shown in Fig. 2. In the first quartile (sRAGE concentration

\607 pg/ml), the number of CAD patients were 13.6-folds

higher that of the control subjects (P \ 0.001). However,

the number of CAD patients in the fourth quartile (sRAGE

concentration C1518 pg/ml) were 3.3-times lower than that

of the control subjects (P \ 0.001).

To evaluate the risk associated with decreasing levels of

sRAGE, we calculated odds ratio (ORs) for each quartile

(based on the entire study cohort) relative to the fourth

quartile. As shown in the Table 5, the ORs for CAD in

the first and second quartile of sRAGE levels were

Table 2 Associations between soluble markers and severity of cor-

onary artery disease as determined by Pearson’s correlation analysis

Variable GS MMP-9 TIMP-1 sRAGE hsCRP

GS 1 0.533** 0.513** -0.342** 0.547**

MMP-9 0.533** 1 0.376** -0.419 0.341**

TIMP-1 0.513** 0.376** 1 -0.250* 0.223*

sRAGE -0.342** -0.419** -0.250* 1 -0.326**

hsCRP 0.547** 0.341** 0.223* -0.326** 1

GS Gensini score

* P \ 0.05; ** P \ 0.01

Table 3 Univariate logistic regression analysis

SE P Odds ratio 95.0% CI for odds ratio

Lower Upper

Smoking 1.180 0.049 10.221 1.011 103.352

FH 1.176 0.006 25.131 2.509 251.699

MMP-9 0.030 0.003 1.093 1.032 1.158

sRAGE 0.001 0.016 0.998 0.997 1.000

hsCRP 0.169 0.010 1.549 1.112 2.158

FH presence of family history for cardiovascular diseases, SE stan-

dard error

Table 4 Multivariate logistic regression analysis

SE P Odds ratio 95.0% CI for Odds ratio

Lower Upper

FH 0.831 0.048 5.169 1.014 26.360

MMP-9 0.026 0.002 1.087 1.032 1.145

sRAGE 0.001 0.022 0.999 0.998 1.000

hsCRP 0.151 0.003 1.557 1.158 2.094

FH presence of family history for cardiovascular diseases, SE stan-

dard error
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significantly higher as compared with the fourth quartile

(P \ 0.001). However, no significant difference was

observed between the third and fourth category (P [ 0.05).

Discussion

A very important cardinal feature of CAD in Indians is its

marked pre-maturity and severity. A high rate of CAD in

Indians is attributed to nature (genetic predisposition) and

nurture (environment). It has been projected that by the

year 2010, 60% of the world’s population with heart dis-

ease will be in India [1]. According to the epidemiological

data reported by Enas et al. [25] and Indrayan [26], cases of

CVD may increase from about 2.9 crore in 2000 to as many

as 6.4 crore in 2015, and the number of deaths from CVD

will also be more than double. Data also suggest that

although the prevalence rates of CVD in rural populations

will remain lower than that of urban populations, they will

continue to increase, reaching around 13.5% of the rural

population in the age group of 60–69 years by 2015. Also,

the prevalence rates among younger adults (age group of

40 years and above) are also likely to increase; and the

Fig. 1 Receiver operating

characteristic (ROC) curves for

sRAGE (a), MMP-9 (b) and

hsCRP (c) for prediction of

severity of coronary artery

disease
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Fig. 2 Percentage of subjects across quartiles of sRAGE levels.

Percentage of subjects across increasing quartiles of sRAGE levels in

Group I and Group II subjects. Quartile 1 = \607 pg/ml; Quartile

2 = C607 to \891 pg/ml; Quartile 3 = C891 to \1,518 pg/ml;

Quartile 4 C1,518 pg/ml

Table 5 Odds ratio for the prevalence of CAD in each quartile of

sRAGE concentration relative to the fourth quartile

Odds ratio 95% CI P

Lower Upper

Category 1 vs. 4 45.333 5.561 369.249 \0.001***

Category 2 vs. 4 8.000 2.509 25.507 \0.001***

Category 3 vs. 4 2.000 0.772 5.180 0.153

CI confidence intervals

Category 1 = sRAGE levels \607 pg/ml; Category 2 = C607 to

\891 pg/ml; Category 3 = C891 to \1,518 pg/ml; Category

4 C1,518 pg/ml

*** P \ 0.001

206 Mol Cell Biochem (2009) 330:201–209

123



prevalence rates among women will keep pace with those

of men across all age group. As far as the scientific liter-

ature is concerned, there is considerable lack of evidence

for correlations which exist especially in young subjects

who are suffering from pre-mature coronary artery disease.

In the present study, the sex distribution in CAD sub-

jects was 81% males and 19% females, whereas it was 77%

males and 23% females in the controls (Table 1). The study

was predominantly male oriented as CAD affects young

males more severely and commonly than females, which

can be attributed to the protective effect of estrogen in

females [27].

Tobacco smoking is one of the most powerful modifi-

able risk factor for the development of CAD. Univariate

analysis in CAD subjects revealed that subjects who were

smokers had 10 times more risk for development of CAD

as compared to those patients who were non-smokers.

Smoking cessation may thus prove to be one of the most

cost-effective approaches in both primary and secondary

preventions. Further, a positive family history, as a non-

modifiable risk factor contributed significantly in the

pathogenesis of CAD with a relative risk of 25.13 (95% CI

2.5–251.6; P \ 0.006; Table 3), independently of the other

known risk factors for pre-mature CAD in these subjects,

thus, suggesting important additive effects of genetic and

modifiable risk factors.

We observed significantly higher levels of hsCRP in

patients with pre-mature CAD as compared to the risk

control group and further, a significant and positive cor-

relation between levels of hsCRP and the severity of CAD

in Group I subjects. Our data supports the findings of

Haidari et al. [28] and Tataru et al. [29] who independently

reported a positive correlation of increased hsCRP levels

with the severity of the disease in subjects with stable

coronary artery disease and in subjects with acute coronary

syndrome (ACS). These findings further highlight the

importance of hsCRP as a marker of disease activity. On

the contrary, a couple of other studies by Rifai et al. [30]

and Abdelmouttaleb et al. [31] did not demonstrate any

significant correlation of hsCRP with the severity of CAD,

though they also observed increased hsCRP levels in

similar set of subjects. Further, we did not observe any

significant correlation of hsCRP levels with any of the

other classical risk factors like age, BMI, lipids and lipo-

proteins in Group I subjects. Our reports are contrary to the

findings of Mendall et al. [32] and Tracy et al. [33] who

reported a positive association of hsCRP with age and BMI

in 1,395 and 400 subjects with coronary heart disease,

respectively. The reason for these discrepancies may be

attributed to the differences in population characteristics

and the sample size in these studies. Thus, our results

reconfirm the existing relationship between high CRP

levels and presence of CAD as documented by coronary

angiography. Our findings also indicate the additive value

of hsCRP measurement in the coronary risk assessment

among a population from a developing country with high

prevalence of CAD. Different studies of both cross-sec-

tional and case-control designs have also shown a strong

association between CRP levels and the risk of CAD [28,

34, 35].

MMPs have been implicated in vascular remodelling

process and have been shown to play significant role in

plaque formation and plaque rupture, thereby contributing

to the pathogenesis and progression of atherosclerosis [12].

Similar to the previous reports by Noji et al. [36] and

Kalela et al. [37], we also observed elevated levels of

MMP-9 in Group I subjects and our data demonstrated a

significant correlation of MMP-9 with the severity of cor-

onary artery disease. In contrast, Tayebjee et al. [38]

reported no significant correlation between MMP-9 and

disease severity in angiographically proven peripheral

arterial disease with intermittent claudication and critical

ischemia. Similarly to the observations with MMP-9 and

hsCRP levels, TIMP-1 levels also increased in CAD sub-

jects and showed a positive and significant correlation with

the Gensini score, MMP-9 and hsCRP levels. TIMP-1 is a

potent inhibitor of MMP-9, and increase in TIMP-1 levels

during acute phase of CVD may indicate the induced

production of MMP-9 in the affected area. Increased syn-

thesis of TIMP-1 may occur to counterbalance the MMP

activity (i.e. a negative feedback pathway) and has been

proposed as a possible mechanism of action of TIMP-1 in

experimental studies [39].

sRAGE has been documented as anti-atherogenic mol-

ecule, and low levels of sRAGE were found to be signifi-

cantly associated as a risk factor for CAD in a non-diabetic

Italian male population [18]. In the present study also, a

significant and independent association of decreased levels

of sRAGE with presence of coronary artery disease was

observed, which further corroborates above findings.

A negative correlation of sRAGE with MMP-9, hsCRP,

TIMP-1 and Gensini score provides further justification to

the anti-atherogenic nature of this molecule. Statistically,

sub-group analysis based on the gender difference did not

show any significant difference in sRAGE levels between

male and female subjects. We also observed that CAD

subjects who were hypertensive had low levels of sRAGE

as compared to those CAD subjects who were normoten-

sive. These observations are consistent with earlier obser-

vations of Geroldi et al. [15], where they demonstrated that

levels of sRAGE were decreased in patients with hyper-

tension and raised the possibility that sRAGE may play a

role in arterial stiffness and its related complications. Our

data demonstrated absence of any significant correlation of

sRAGE with BMI. However, Koyama et al. [40] reported a

significant inverse correlation of sRAGE and BMI.
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Though, exact reason for this is not known but the variation

in ethnic population and in the age difference of the sub-

jects in these two studies may account for these variations,

as our subjects were of relatively young age with

pre-mature CAD and belonged to Indian population. The

multivariate ORs for CAD revealed that subjects with

sRAGE levels below 607 pg/ml had a 13.6-fold increase in

CAD prevalence, independent of the other factors.

As the present study is correlational, it does not allow us

to draw a proven mechanistic conclusion. However, based

on our findings, we strongly consider that circulating level

of MMP-9 is the best predictor for CAD in Indian subjects

with high sensitivity and specificity. However, when the

CAD subjects were categorised on the basis of either

presence or absence of risk factors and across the quartile,

only sRAGE levels were able to discriminate between the

groups, though sensitivity and specificity of sRAGE was

lower than MMP-9. Further, our data for multivariate

logistic regression analysis demonstrates that the presence

of family history for CVD, levels of hsCRP, MMP-9 and

sRAGE cumulatively are the best predictors of CAD with

92% sensitivity and 82% specificity. However, some lim-

itations of this study should also be considered. Firstly, we

have not taken samples of these subjects at the time of their

follow-up; therefore, we are not able to comment on the

effect of drugs on the variables under consideration.

Second limitation of the study is that the patients enrolled

in this study were only from the north Indian population,

thus caution should be exercised for extrapolating the data

to other ethnic groups. Lastly, the ELISA detection system

used in the present study could not discriminate between

specific soluble RAGE variants (sRAGE and esRAGE).

The measurement of these molecules extends the prog-

nostic information gained from traditional classical bio-

chemical markers i.e. lipids and hsCRP. These findings

also strengthen the evidence that an inflammatory process

is critical in the pathogenesis of coronary artery disease and

suggest that the intensity of the inflammatory response can

influence the clinical outcome of the disease. These

observations have strong implications for clinical practice

as inflammatory markers may facilitate risk stratification of

these patients during the acute-phase of disease presenta-

tion. In nutshell, current data clearly demonstrates that

cumulative output of these soluble markers is of greater

importance in assessment of the severity of CAD than the

product of the individual risk factor alone.

Acknowledgments The authors wish to thank Indian Council of

Medical Research (ICMR), New Delhi for financial assistance. Nitin

Mahajan and Namita Malik were awarded Senior Research Fellow-

ships by ICMR, New Delhi. We are also grateful to all the study

subjects who participated in the present study and the laboratory staff

for their technical support.

References

1. Gupta R, Joshi P, Mohan V, Reddy KS, Yusuf S (2008) Epide-

miology and causation of coronary hear disease and stroke in

India. Heart 94:16–26. doi:10.1136/hrt.2007.132951

2. Gupta VP, Gupta R (1996) Meta-analysis of coronary heart dis-

ease prevalence in Indian. Indian Heart J 48:241–245

3. Kaul U, Manchanda SC, Bhatia ML (1986) Myocardial infarction

in young Indian patients, risk factors and angiographic profile.

Am Heart J 112:71–75. doi:10.1016/0002-8703(86)90680-0

4. Pahlajani DB, Chawal MH (1989) Coronary artery disease pattern

in ice young. J Assoc Physicians India 37:312–315

5. Morrow DA, Ridker PM (1999) High sensitivity C-reactive

protein (hs-CRP): a novel risk marker in cardiovascular disease.

Prev Cardiol 1:13–16

6. Wu TC, Leu HB, Lin WT, Lin CP, Lin SJ, Chen JW (2005)

Plasma matrix metalloproteinase-3 level is an independent

prognostic factor in stable coronary artery disease. Eur J Clin

Invest 35:537–545. doi:10.1111/j.1365-2362.2005.01548.x

7. Leu HB, Lin CP, Lin WT et al (2004) Risk stratification and

prognostic implication of plasma biomarkers in nondiabetic

patients with stable coronary artery disease: the role of high-sen-

sitivity C-reactive protein. Chest 126:1032–1039. doi:10.1378/

chest.126.4.1032

8. Ridker PM, Cushman M, Stampfer MJ, Tracy RP, Hennekens CH

(1998) Plasma concentration of C-reactive protein and risk of

developing peripheral vascular disease. Circulation 97:425–428

9. Ridker PM, Cushman M, Stampfer MJ, Tracy RP, Hennekens CH

(1997) Inflammation, aspirin, and the risk of cardiovascular dis-

ease in apparently healthy men. N Engl J Med 336:973–979. doi:

10.1056/NEJM199704033361401

10. Ferroni P, Basili S, Martini F et al (2003) Serum metallopro-

teinase 9 levels in patients with coronary artery disease: a novel

marker of inflammation. J Investig Med 51:295–300. doi:

10.2310/6650.2003.3563

11. Blankenberg S, Rupprecht HJ, Poirier O et al (2003) Plasma

concentrations and genetic variation of matrix metalloproteinase 9

and prognosis of patients with cardiovascular disease. Circulation

107:1579–1585. doi:10.1161/01.CIR.0000058700.41738.12

12. Newby AC (2005) Dual role of matrix metalloproteinases (Ma-

trixns) in intimal thickening and atherosclerotic plaque rupture.

Physiol Rev 85:1–30. doi:10.1152/physrev.00048.2003

13. Lubos E, Schnabel R, Rupprecht HJ et al (2006) Prognostic value of

tissue inhibitor of metalloproteinase-1 for cardiovascular death

among patients with cardiovascular disease: results from the Ath-

eroGene study. Eur Heart J 27:150–156. doi:10.1093/eurheartj/

ehi582

14. Basta G (2008) Receptor for advanced glycation end products and

atherosclerosis: From basic mechanisms to clinical implications.

Atherosclerosis 196:9–21. doi:10.1016/j.atherosclerosis.2007.07.

025

15. Geroldi D, Falcone C, Emanuele E et al (2005) Decreased plasma

levels of soluble receptor for advanced glycation end-products in

patients with essential hypertension. J Hypertens 23:1725–1729.

doi:10.1097/01.hjh.0000177535.45785.64

16. Emanuele E, D’Angelo A, Tomaino C et al (2005) Circulating

levels of soluble receptor for advanced glycation end products in

Alzheimer disease and vascular dementia. Arch Neurol 62:1734–

1736. doi:10.1001/archneur.62.11.1734

17. Ghidoni R, Benussi L, Glionna M, Franzoni M, Geroldi D,

Emanuele E, Binetti G (2008) Decreased plasma levels of soluble

receptor for advanced glycation end products in mild cognitive

impairment. J Neural Transm 115:1047–1050. doi:10.1007/

s00702-008-0069-9

208 Mol Cell Biochem (2009) 330:201–209

123

http://dx.doi.org/10.1136/hrt.2007.132951
http://dx.doi.org/10.1016/0002-8703(86)90680-0
http://dx.doi.org/10.1111/j.1365-2362.2005.01548.x
http://dx.doi.org/10.1378/chest.126.4.1032
http://dx.doi.org/10.1378/chest.126.4.1032
http://dx.doi.org/10.1056/NEJM199704033361401
http://dx.doi.org/10.2310/6650.2003.3563
http://dx.doi.org/10.1161/01.CIR.0000058700.41738.12
http://dx.doi.org/10.1152/physrev.00048.2003
http://dx.doi.org/10.1093/eurheartj/ehi582
http://dx.doi.org/10.1093/eurheartj/ehi582
http://dx.doi.org/10.1016/j.atherosclerosis.2007.07.025
http://dx.doi.org/10.1016/j.atherosclerosis.2007.07.025
http://dx.doi.org/10.1097/01.hjh.0000177535.45785.64
http://dx.doi.org/10.1001/archneur.62.11.1734
http://dx.doi.org/10.1007/s00702-008-0069-9
http://dx.doi.org/10.1007/s00702-008-0069-9


18. Falcone C, Emanuele E, D’Angelo A, Buzzi MP, Belvito C,

Cuccia M, Geroldi D (2005) Plasma levels of soluble receptor for

advanced glycation end products and coronary artery disease in

nondiabetic men. Arterioscler Thromb Vasc Biol 25:1032–1037.

doi:10.1161/01.ATV.0000160342.20342.00

19. Pearson TA, Mensah GA, Alexander RW et al (2003) Markers of

inflammation and cardiovascular disease: application to clinical

and public health practice: a statement for healthcare profes-

sionals from the Centers for Disease Control and Prevention and

the American Heart Association. Circulation 107:499–511. doi:

10.1161/01.CIR.0000052939.59093.45

20. Enas EA (2001) Lipoprotein(a) is an important genetic risk factor

for premature coronary artery disease in Asian Indians. Am J

Cardiol 88:201–202. doi:10.1016/S0002-9149(01)01659-9

21. Sharma M, Ganguly NK (2005) Premature coronary artery dis-

ease in Indians and its associated risk factors. Vasc Health Risk

Manag 1:217–225

22. (1997) World medical association declaration of Helsiniki. Rec-

ommendations guiding physicians in biomedical research

involving human subjects. Cardiovascular Research 35:2–3

23. Gensini GG (1983) A more meaningful scoring system for

determining the severity of coronary heart disease. Am J Cardiol

51:606–607. doi:10.1016/S0002-9149(83)80105-2

24. Friedwald WT, Levy RI, Fredrickson DS (1972) Estimation of the

concentration of low-density lipoprotein cholesterol in plasma

without use of the preparativeultracentrifuge. Clin Chem 18:499–502

25. Enas EA, Yusuf S, Mehta JL (1992) Prevalence of coronary

artery disease in Asian Indians. Am J Cardiol 70:945–949. doi:

10.1016/0002-9149(92)90744-J

26. Indrayan I (2004) Burden of cardiovascular diseases in India. In:

Burden of diseases in India. National Commission on Macro-

economics and Health, Government of India, New Delhi

27. Walsh BW, Kuller LH, Wild RA (1998) Effects of raloxifene on

serum lipids and coagulation factors in healthy postmenopausal

women. JAMA 279:1445–1451. doi:10.1001/jama.279.18.1445

28. Haidari M, Javadi E, Sadeghi B, Hajilooi M, Ghanbili J (2001)

Evaluation of C-reactive protein, a sensitive marker of inflam-

mation, as a risk factor for stable coronary artery disease. Clin

Biochem 33:309–315. doi:10.1016/S0009-9120(01)00227-2

29. Tataru MC, Heinrich J, Junker R et al (2000) C-reactive protein

and the severity of atherosclerosis in myocardial infarction

patients with stable angina pectoris. Eur Heart J 21:1000–1008.

doi:10.1053/euhj.1999.1981

30. Rifai N, Joubran R, Yu H, Asmi M, Jouma M (1999) Inflam-

matory markers in men with angiographically documented cor-

onary heart disease. Clin Chem 45:1967–1973

31. Abdelmouttaleb I, Danchin N, Ilardo C et al (1999) C-reactive

protein and coronary artery disease: additional evidence of the

implication of an inflammatory process in acute coronary syn-

dromes. Am Heart J 137:346–351. doi:10.1053/hj.1999.v137.

92052

32. Mendall MA, Strachan DP, Butland BK et al (2000) C-reactive

protein: relation to total mortality, cardiovascular mortality and

cardiovascular risk factors in men. Eur Heart J 21:1584–1590.

doi:10.1053/euhj.1999.1982

33. Tracy RP, Psaty BM, Macy E et al (1997) Lifetime smoking

exposure affects the association of C-reactive protein with car-

diovascular disease risk factors and subclinical disease in healthy

elderly subjects. Arterioscler Thromb Vasc Biol 17:2167–2176

34. Anderson JL, Carlquist JF, Muhlestein JB, Horne BD, Elmer SP

(1998) Evaluation of C-reactive protein, an inflammatory marker,

and infection serology as risk factors for coronary artery disease

and myocardial infarction. J Am Coll Cardiol 32:35–41. doi:

10.1016/S0735-1097(98)00203-4

35. Liuzzo G, Biasucci LM, Gallamore JR et al (1994) The prog-

nostic value of C-reactive protein and serum amyloid A protein in

severe unstable angina. N Engl J Med 331:417–424. doi:

10.1056/NEJM199408183310701

36. Noji Y, Kajinami K, Kawashiri M et al (2001) Circulating matrix

metalloproteinases and their inhibitors in premature coronary

atherosclerosis. Clin Chem Lab Med 39:380–384. doi:10.1515/

CCLM.2001.060

37. Kalela A, Ponnio M, Koivu TA, Hoyhtya M, Huhtala H (2000)

Association of serum sialic acid and MMP-9 with lipids and

inflammatory markers. Eur J Clin Invest 30:99–104. doi:

10.1046/j.1365-2362.2000.00607.x

38. Tayebjee MH, Lip GY, MacFadyen RJ, Lip GYH (2005) Matrix

metalloproteinases in coronary artery disease: clinical and ther-

apeutic implications and pathological significance. Curr Med

Chem 12:917–925. doi:10.2174/0929867053507270

39. Zaltsman A, George S, Newby A (1999) Increased secretion of

tissue inhibitors of metalloproteinases 1 and 2 from the aortas of

cholesterol fed rabbits partially counterbalances increased

metalloproteinase activity. Arterioscler Thromb Vasc Biol 19:

1700–1707

40. Koyama H, Shoji T, Yokoyama H et al (2005) Plasma level of

endogenous secretory RAGE is associated with components of the

metabolic syndrome and atherosclerosis. Arterioscler Thromb Vasc

Biol 25:2587–2593. doi:10.1161/01.ATV.0000190660.32863.cd

Mol Cell Biochem (2009) 330:201–209 209

123

http://dx.doi.org/10.1161/01.ATV.0000160342.20342.00
http://dx.doi.org/10.1161/01.CIR.0000052939.59093.45
http://dx.doi.org/10.1016/S0002-9149(01)01659-9
http://dx.doi.org/10.1016/S0002-9149(83)80105-2
http://dx.doi.org/10.1016/0002-9149(92)90744-J
http://dx.doi.org/10.1001/jama.279.18.1445
http://dx.doi.org/10.1016/S0009-9120(01)00227-2
http://dx.doi.org/10.1053/euhj.1999.1981
http://dx.doi.org/10.1053/hj.1999.v137.92052
http://dx.doi.org/10.1053/hj.1999.v137.92052
http://dx.doi.org/10.1053/euhj.1999.1982
http://dx.doi.org/10.1016/S0735-1097(98)00203-4
http://dx.doi.org/10.1056/NEJM199408183310701
http://dx.doi.org/10.1515/CCLM.2001.060
http://dx.doi.org/10.1515/CCLM.2001.060
http://dx.doi.org/10.1046/j.1365-2362.2000.00607.x
http://dx.doi.org/10.2174/0929867053507270
http://dx.doi.org/10.1161/01.ATV.0000190660.32863.cd

	Correlation among soluble markers and severity of disease �in non-diabetic subjects with pre-mature coronary artery disease
	Abstract
	Introduction
	Materials and methods
	Study population
	Sampling
	Coronary angiography and severity of disease
	Measurement of lipid and lipoprotein profile
	Determination of circulating levels of MMP-9, TIMP-1, sRAGE and hsCRP
	Statistical analysis

	Results
	Anthropometric characteristics
	Comparison of MMP-9, TIMP-1, sRAGE and hsCRP �in sub-groups of CAD subjects
	Comparison of MMP-9, TIMP-1, sRAGE and hsCRP �in CAD subjects sub-grouped on the basis of smoking
	Comparison of MMP-9, TIMP-1, sRAGE and hsCRP �in CAD subjects sub-grouped on the basis �of alcohol intake
	Comparison of MMP-9, TIMP-1, sRAGE and hsCRP �in CAD subjects sub-grouped on the basis of presence or absence of hypertension
	Statistical analysis
	Correlation analysis among MMP-9, TIMP-1, hsCRP, sRAGE and severity of CAD

	Logistic regression

	Discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


