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ABSTRACT

Cystatin C has been regarded as a novel sensitive marker for the assessment of renal function, and the role of cystatin C as a
predictor of cardiovascular events in patients with impaired renal function has been confirmed in clinical studies. In this study
we assessed the association between cystatin C and Coronary artery disease [CAD]  in a consecutive series of patients with
normal kidney function in order to avoid the well-known effect of overt renal insufficiency on coronary atherosclerosis, and
evaluate whether cystatin C has an ability to identify individuals at a higher risk for CAD among patients belonging to a low-risk
category according to estimated glomerular filtration rate .The current study and review of literature demonstrated that serum
levels of cystatin C, were independently associated with the development of CAD.

INTRODUCTION

Coronary artery disease (CAD) accounts for 20% of all medical emergency admissions and has the highest risk for adverse effects
and deaths [1].  Clinical evaluation of suspected acute coronary artery disease depends increasingly on biomarkers to supplement
electrocardiographic findings and patient history. Currently four markers apart from classic risk factors like lipids and glucose
are recommended for regular clinical use: cardiac troponin I or T, B type natriuretic peptides (BNP & NT ProBNP) C reactive
protein and D Dimer [2]. Apart from traditional risk factors, several novel risk factors have been found to be associated with
acute coronary syndromes [3] [4]. Cystatin C is a cysteine protease inhibitor, produced by all nucleated cells. This protein is less
influenced by age, gender, and muscle mass than serum creatinine and thus may be better indicator of cardiovascular risk  [5]
and heart failure   [6] especially in the elderly.

METHODS

This prospective study was conducted in our hospital from June 2010 to February 2012. 575 patients with ‘chest pain ‘presented
to emergency, who were evaluated by ECG. 173 demonstrated ECG abnormalities like ST elevation, ST depression and T inversion.
They were enrolled as study population after taking consent. Cardiac enzymes CKMass and troponin I were evaluated in these
patients.150 had raised enzymes and depicted onset of acute coronary syndrome. These patients were classified as cases and
evaluated by coronary angiography. 150 age matched male healthy volunteers from hospital staff were taken as control group
(Table 1).
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The inclusion criteria were:
• Male acute myocardial infarction [AMI]  patients diagnosed by typical rise and gradual fall of biochemical markers (troponin

I, creatine phosphokinase MB Mass) of myocardial necrosis with at least one of the following:Ischemic symptoms,
development of pathological Q wave on ECG, ECG changes, indicative of ischemia (ST elevation or depression),coronary
artery intervention.

• Male Unstable angina: chest discomfort at rest with either ST depression of at least 0.1Mv or T wave inversion in two or
more contiguous leads, CKMB normal and angiographically confirmed coronary artery disease.

The exclusion criteria were:
• Advanced kidney failure indicated by high serum urea and creatinine
• Overt heart failure, diagnosed by echocardiography
• History of major surgery /trauma within the previous month
• Suspected systemic inflammatory disease
• Chronic stable angina (effort induced) diagnosed as chest pain of at least six month’s duration, accompanied by severe CAD

on angiography (70% stenosis in any major artery)
A fasting blood sample was taken within 4-6 hours of chest pain and prior to angiography and serum extracted and stored at -
70 degree C until further testing. The height was measured in metres and weight in kg. BMI was calculated by the formula
Quetelet index = weight / (height) 2.
Plasma glucose, urea, creatinine, uric acid, total protein, albumin, and lipid parameters were measured using enzymatic methods
(Siemens  Dimension Expand plus,Siemens Healthcare Diagnostics Inc,Newark, DE 19714,U.S.A). An internal quality control from
Biorad laboratories was run for every parameter in a batch Low-density lipoprotein cholesterol concentration was calculated
using the Friedewald formula. [7] CKMB Mass and Troponin I levels were estimated by enzyme linked immunofluorescent assay.
(Minividas,Biomerieux SA,France).. All patients had white blood cell counts within reference range. We used the turbidimetric
method to measure high-sensitivity C Reactive protein [hsCRP] (CX 5 analyzer, Beckman Coulter Inc., Fullerton, California, U.S.A)
and Cystatin C (Quantia, Tulip diagnostics, Goa, India) .For hsCRP, the detection limit was 0.05 mg/l, with intra- and inter-assay
CVs of 2.0 % and 3.7%.For Cystatin C, the detection limit was 0.33 mg/L, with intra and inter assay CV of 1.42%-and 3.72%
respectively.
All the values are expressed as mean ± SD. Continuous variables were compared with the Student’s t-test. Pearson’s correlation
was used to look for association between different variables in the study group. A p-value < 0.05 was considered significant.
Multivariate  regression analysis was performed to ascertain the role of the different risk factors for CAD in our study. In order
to analyze the performance of Cystatin C as indicator for acute coronary syndrome, the receiver operating characteristics (ROC)
curve was plotted. Statistical analyses were performed with SPSS for windows version 12 (SPSS Inc,Chicago,illinois). 

RESULTS

We enrolled 150 consecutive male patients, who had undergone coronary angiography for the investigation of CAD and 150
age matched healthy male volunteers. A significantly higher number of cases of acute coronary syndrome were smokers and
had higher systolic blood pressure.
Serum creatinine, serum hsCRP and serum Cystatin C levels were significantly higher in patients with ACS than in healthy controls
as shown in Table 2.

CYSTATIN C IN ACUTE CORONARY SYNDROME MOUSHUMI LODH, ASHOK PARIDA, JOY SANYAL,
ARUNANGSHU GANGULY

Table 1
Clinical characteristics of the study population

Case (n =150) Control (n = 150) P  value

Smoking, n 72 (47.69%) 27 (18 %)

Angiography

1-vessel 75 (50%) – –

2-vessel 54 (36%) – –

3-vessel 21(14%) – –

BMI (kg/m2) 30.36 ± 5.97 28.67 ± 3.65 0.343

Mean SBP (mm Hg) 136 ± 24 127 ± 11 0.003

Mean DBP (mm Hg) 78 ± 14 80 ± 8 0.5

Mean LVEF (%) 59 ± 10 66 ± 8 0.412
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On applying the Chi square test, at 3 degrees of freedom, at 5 % level, the value of x squared was 7.82. At the calculated value
98.06, p was far less than 0.001, hence highly significant. 
A positive correlation was found between Cystatin C and creatinine( r=0.36, p<0.0001), between hsCRP and triglyceride (
r=0.18,p<0.05), between hsCRP and CKMass (r=0.21,p<0.05), between hsCRP and troponin I (r=0.22, p<0.05). No such significant
correlation was seen between the other parameters [Table 3].
Multivariate regression analysis proved the superiority and significance of  creatinine, Cystatin C, Total cholesterol and LDL
cholesterol over other biochemical parameters tested.
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Table 2
Biochemical parameters in cases (n=150) and controls (n=150)

Case

control (n=150) (n=150) p value

age (years) 56.20±10.79 54.85±10.78 NS

RBS(mg/dl) 103.02±27.25 154.79±60.62 < 0.0001

urea(mg/dl) 23.57±5.16 54.22±43.02 < 0.0001

creat(mg/dl) 0.87±0.32 1.88±1.09 < 0.0001

Cystatin c(mg/L) 0.90±0.17 1.47±0.94 < 0.0001

HsCRP (mg/L) 2.06±0.83 3.05±0.66 < 0.0001

Cholesterol (mg/dl) 168.41±26.07 188.69±26.90 < 0.0001

Triglyceride(mg/dl) 135.40±38.82 170.33±39.73 < 0.0001

HDL (mg/dl) 46.62±12.34 42.13±8.73 P<0.05

LDL (mg/dl) 111.12±42.45 110.36±27.52 NS

Cholesterol/HDL C 3.88±1.27 4.71±1.38 < 0.0001

Total protein (g/dl) 8.04±1.64 7.03±0.82 < 0.0001

albumin (g/dl) 4.62±1.45 3.36±0.94 < 0.0001

A/G 1.88±0.85 1.15±1.36 NS

CKMass(ng/ml) 2.10±1.46 46.10±86.24 < 0.0001

Troponin  I (ng/ml) 0.04±0.02 13.06±15.62 < 0.0001

Table 4
Multiple logistic regression 

T value P  value [<0.05 is significant]

Age 1.46 0.15

RBS 1.08 0.28

Urea 0.97 0.33

Creatinine 2.02 0.04

Cystatin c 2.84 0.00

Hscrp 0.45 0.65

Cho 1.94 0.05

T.G 1.44 0.15

HDL 1.71 0.09

LDl 1.86 0.04

Chl/HDL 1.83 0.07

Protein 0.27 0.79

Albumin 1.54 0.12

A/G 0.77 0.44

CK Mass 0.99 0.32

TroponinI 2.43 0.02
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Cystatin C showed a significant positive correlation with serum creatinine [Figure  1] and with  hsCRP  [Figure  2] .HsCRP showed
a positive correlation with serum triglycerides, CKMB Mass, troponin I levels. Using Cystatin C cutoff of 1mg/L, we obtained a
sensitivity of 77.8 % in detecting ACS patients .However the specificity was a low 6.2% [Figure 3]. Area under the curve was
0.831.At a higher cut-off we obtained a lower specificity.

DISCUSSION

Cystatin C has emerged as a novel sensitive marker for detecting renal dysfunction. In Prospective Epidemiological Study of
Myocardial Infarction (PRIME), cystatin C predicted the occurrence of the first coronary events in men aged 50 to 59 years old,
and displayed a strong relation with CAD independent of eGFR [8]. Several other publications have demonstrated that cystatin
C was closely associated with incident congestive heart failure [9], carotid atherosclerosis [10], and peripheral vascular disease
[11] superior to serum creatinine or creatinine-based eGFR.
We obtained Cystatin C levels of 0.9± 0.17 mg/L and 1.47 ± 0.94 mg/L in controls and cases respectively and a positive correlation
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Figure 1
Scatter diagram to show correlation of Cystatin C and creatinine
levels in acute coronary syndrome.

Figure 2
Scatter diagram to show the correlation of cystatin C with HsCRP
levels in Acute coronary syndrome.

Figure 3
ROC Curve showing Sensitivity and Specificity of Cystatin C in ACS.
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of serum creatinine with serum Cystatin C. Reference ranges quoted by Kyhse – Anderson et al [12] was 0.61 -1.21 mg/L, by
Norund et al [13] 0.7-1.21 mg/L, and much higher cystatin-C concentration by Pergande et  al  [14]. This difference is probably
due to different calibrated material.             
The first  study to demonstrate that the measurement of cystatin C substantially improves the early risk stratification of the
large population of patients with suspected ACS was by Jernberg et al [15]. They divided patients according to final diagnosis
into: a) those with non–ST-elevation ACS, b) those with other cardiac causes, c) and those with other non-cardiac or unknown
causes, and showed that when adjusted for other well-known predictors of outcome, the cystatin C level remained an
independent predictor of mortality. Ttaglieri et al [16] reported that few patients (0.8%) had severely impaired renal function
[eGFR-MDRD <30ml/min/1.73m], 157 patients (30%) reached the study end-point. Patients in third and fourth quartile showed
a higher cumulative probability of cardiac events compared to patients in the lowest quartile. 
Cystatin C is expressed in all of the nucleated cells, regulates the activity of cysteine protease, and plays a role in the dynamic
balance of production and degradation of ECM. Cystatin C and its fragments may also affect the phagocytic and chemotactic
ability of neutrophil, participates in the inflammatory process and regulates inflammatory responses. Inflammation plays an
important role in the development of atherosclerosis. Moreover, ECM degradation and positive arterial remodeling relate closely
to plaque destabilization, suggesting that cystatin C may facilitate plaque vulnerability as a result of ACS. In their study, Ge et al
[17] found greatly elevated plasma concentration of cystatin C and hs-CRP in patients with ACS. Cystatin C was positively
correlated with hs-CRP and WBC. In our study too, Cystatin C and hsCRP were positively correlated, indicating that cystatin C
plays an important role in the development of ACS, and one of the mechanisms is thought to be that cystatin C facilitates the
progress of atherosclerosis by regulating inflammation.
The development of atherosclerotic plaque is primarily a lesion that progresses due to a series of reactions that are induced by
repair of an injured intima. The pathophysiology of stable angina pectoris is based on the stability of atherosclerotic plaque,
while unstable angina pectoris is caused by unstable atherosclerotic plaque or as it is known, vulnerable plaque. Moreover, the
pathophysiology of myocardial infarction is basically the breakdown of vulnerable plaque based on platelet aggregation, different
levels, and different characteristics of thrombosis. The intercellular networking that occurs among smooth muscle cells,
macrophages, T lymphocytes, and endothelial cells leads to a fibroproliferative response, in which the extracellular matrix [ECM]
plays an important role. The ECM, composed of a mixture of vastly different macromolecules including collagen, elastin,
glycoproteins, and proteoglycans, confers tensile strength and viscoelasticity to the arterial wall. Each component of the ECM
possesses unique structural properties that determine its own role during the development of atherosclerotic plaques. Not only
does the ECM provide the structural integrity of the plaques, but it also participates in several key events such as cell migration
and proliferation, lipoprotein retention, and thrombosis Cysteine proteinase, the major enzyme in ECM degradation, and its
inhibitor as cystatin C is expressed in the plaque. An excess of cysteine proteinase over cystatin C may contribute significantly
to ECM destruction rendering the plaque more prone to rupture. In our study, we found a positive correlation of Cystatin C with
hsCRP [Figure 2]
Atherosclerosis is increasingly being recognised as a complex phenomenon involving the interaction of several mechanisms:
dyslipidaemia, inflammation, thrombosis and other dysfunctional metabolic syndromes [18]. Parikh et al [19]   showed that high
concentrations of cystatin C were independently associated with cardiovascular risk factors such as age, female sex, BMI, low
HDL cholesterol, and smoking, even in individuals without CKD or microalbuminuria .A cross-sectional analysis of data on
individuals with CKD in the study disclosed a similar risk profile but, interestingly, those with high cystatin C concentrations and
no CKD had a higher prevalence of obesity and hypertension compared to individuals with CKD and low cystatin C. Muntner et
al  [20] showed that  the prevalence of risk factors such as cigarette smoking, hypertension, and low HDL cholesterol was higher
in individuals with higher cystatin C concentrations. Moreover, the prevalence of CVD, myocardial infarction (MI), angina pectoris,
and stroke increased with increasing concentrations of cystatin C. After adjustment for age, sex, race, and principal cardiovascular
risk factors, cystatin C was still independently associated with CVD. Ix et al [21][22] evaluated whether serum cystatin C
concentrations were associated with all-cause mortality, cardiovascular events, and incident HF in outpatient clinic patients
included in the prospective “Heart and Soul” study .Windhausen et al [23] found that in patients with NSTE-ACS and increased
cardiac troponin T concentrations, high plasma cystatin C concentrations are associated with a higher risk of death and
spontaneous MI There is evidence that both elastolytic cysteine proteases and their inhibitors, an important one being Cystatin
C, are involved in the pathogenesis of atherosclerosis[23] . Studies have suggested that rather than the circulating levels, the
imbalance between proteases and inhibitors determines their net effects on the cardiovascular system[24]. Inflammatory
cytokines associated with atherosclerosis stimulate the production of lysosomal cathepsins, and increased plasma concentrations
of cystatin C, a cathepsin inhibitor, may reflect an attempt to counterbalance a potentially damaging increased elastolytic activity.
Human cathepsins are expressed in endothelial cells, smooth muscle cells, and macro-phages, and that they are involved in the
progression, the composition, and the rupture of atherosclerotic plaques .This response is likely to involve the interaction of
mechanisms determined genetically [25].
Increased cystatin C concentrations identify early GFR abnormalities, and it has been suggested that this marker is highly sensitive
to “preclinical” kidney dysfunction [26] which may be associated with adverse clinical outcomes. Cystatin C may thus help, in
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the early phases of CKD, to identify individuals who are at increased risk both for further impairment of CKD and for the
development of CVD, and who may benefit from more “aggressive” preventative measures, such as lowering blood pressure to
stringent targets and enrollment into strict monitoring pro-grams. 
Limitations of our study merit consideration. Since the number of patients assessed by coronary angiography was fairly limited,
replication of the cystatin C level association with coronary arteries stenosed is needed in a larger sample to rule out the
possibility of a false-positive finding. The relation between plasma cystatin C, hsCRP concentration and severity of CAD needs
to be re-examined in a larger cohort as well. We cannot rule out the possibility that cystatin C is a marker of another pathologic
process that is unrelated to kidney function [27]. Finally, we cannot rule out the possibility of confounding from factors that
were not measured or of residual confounding from factors for which we have accounted imperfectly.
These restrictions notwithstanding, our findings have several implications. First, a more accurate assessment of kidney function
through measurement of serum cystatin C could be used to assess risk for ACS. With earlier detection of kidney dysfunction,
interventions to slow the progression of kidney disease could lead to a parallel reduction in the incidence of ACS. In addition,
better assessment of kidney function by measurement of cystatin C may lead to beneficial outcomes in clinical medicine, such
as safer prescription of medications and a more refined evaluation of surgical risk. Our findings necessitate population-based
follow-up studies to establish the role of Cystatin C in preventive cardiology.
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