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ABSTRACT 
 

Background: Coronary artery disease (CAD) is one of the most common complicated cardiovascular 

 diseases causing morbidity and mortality. Early detection of CAD can help us choose the best 

 therapeutic procedures and gain optimal results. This study aimed to evaluate cystatin C serum 

 levels in patients with CAD. 

 

Methods: This cross-sectional study was performed on 95 cases (60 in the CAD group and 35 in the 

 control group). Cystatin C was measured via the enzymatic method and the sensitivity and 

 specificity of cystatin C for diagnosing CAD were measured by ROC curve. 

 

Results: The mean serum level of cystatin C was 2.21 ± 0.97 mg/L; it was higher among the patients 

 with CAD (3.57 ± 0.58 mg/L). The area under the ROC curve was calculated to be 0.702, with 

 sensitivity of 88.5% and specificity of 82.4% based on 0.5 as the best cutoff point for serum 

 cystatin C (P = 0.001, 95% CI: 0.59 to 0.81). 

 

Conclusions: Our results showed that cystatin C serum levels with a cutoff point of 0.5 had high and 

 acceptable sensitivity and specificity in diagnosing CAD and could, thus, play an important role 

 in the early diagnosis of CAD and prevention of adverse cardiovascular events. (Iranian Heart 

 Journal 2019; 20(4): 56-63) 
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oronary artery disease (CAD), one of 

the most common complicated 

cardiovascular diseases causing 

morbidity and mortality (accounting for 11.2% 

of all deaths), is caused by atherosclerosis, 

vascular cavity stenosis, and/or occlusion. 
1-3

 

Early treatment of CAD based on reperfusion 

procedures and drugs limits cardiac dysfunction 

and subsequently reduces morbidity and 

mortality rates. 
4
 In the achievement of early 

treatment, diagnostic methods play an 

important role. Studies have demonstrated that 

the early diagnosis and treatment of patients 

with CAD are the most important predictive 

C 
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factors of long-term outcomes. 
2
 An earlier 

detection of CAD can help us select the best 

therapeutic procedures and obtain optimal 

results. 
5
 Although the application of high-

sensitive troponin has improved the diagnostic 

accuracy of CAD, the diagnosis still needs 

other noninvasive, safe, and affordable markers 

to evaluate the early diagnosis and severity of 

CAD. 
6
 

Cystatin C, as one of such markers, is a 13-kDa 

protein. It is a competitive inhibitor of 

lysosomal cysteine protease factor and is 

produced in all nucleated cells. Cystatin C has 

been used to evaluate the kidney function 

(better than serum creatinine) and to distinguish 

small drops in the glomerular filtration rate. 
7-9

 

Recently, different studies have reported that 

cystatin C is an impending indicator for 

cardiovascular risk and high levels of it are 

significantly correlated with cardiovascular 

outcomes in diverse clinical scenarios. 
10-14

 

Research has also shown that cystatin C can 

predict mortality in patients with suspected 

CAD, 
15

 non–ST-elevation acute coronary 

syndrome, 
16

 and ST-elevation myocardial 

infarction (MI). 
17

 

To the best of our knowledge, there is a dearth 

of prospective studies on the diagnostic 

accuracy of cystatin C in detecting CAD. We, 

therefore, planned to assess the diagnostic 

accuracy of cystatin C in predicting CAD 

severity with the best cutoff point. 

 

METHODS 

Study Design  

This cross-sectional study was conducted in the 

Cardiology Department of Kerman Shafa 

Hospital, from March to August 2018. The 

inclusion criteria consisted of referral to the 

cardiology department with a diagnosis of CAD 

and singing a consent form to participate in the 

study. The exclusion criteria were comprised of 

an estimated glomerular filtration rate < 35 

mL/min or a serum creatinine level > 1.5 

mg/dL, having left ventricular dysfunction 

(ejection fraction < 50%), undergoing coronary 

interventions, a history of acute coronary 

syndrome in the preceding 3 months, MI in the 

preceding 6 months, surgery within the 

preceding 3 months, cancer and infections 

within the preceding month, chronic 

inflammatory diseases, high C-reactive 

protein (CRP) levels, high white blood cell 

counts, liver dysfunction, cardiac events after 

angiography, uncontrolled diabetes, brain 

damage in the preceding 3 months, a body mass 

index > 30 and < 15, pulmonary edema, 

tachyarrhythmias, heart valve diseases, 

hyperthyroidism, intracranial hemorrhage, acute 

trauma, all ischemic events over the preceding 

3 months, pregnancy, having pacemaker 

devices, and dissatisfaction to continue 

participation in the study. Also excluded were 

patients with uncompleted data. 

 

Participants 

The study flowchart is depicted in Figure 1. 

Sixty-seven patients with a diagnosis of CAD 

diagnosed by cardiologists based on clinical 

and paraclinical findings and the inclusion and 

exclusion criteria were included. Moreover, 41 

subjects without CAD were included as the 

control group.  

Ninety-five individuals completed the study: 60 

in the CAD group and 35 in the control group. 

The study received approval from the Ethics 

Committee of Kerman University of Medical 

Sciences (IR.KMU.REC.1397.181. Code 

Number: IR.KMU.REC.1397.181.), and all the 

participants gave written informed consent.  

Coronary angiography was executed via the 

standard Judkins technique. CAD was defined 

as coronary artery stenosis > 50% in at least 1 

coronary artery. 

On the angiography day, blood samples were 

taken from the patients in fasting state. An 

EDTA anticoagulant blood sample was used to 

measure biomarkers. After preparation, the 

plasma samples were immediately frozen in 

separate parts (aliquots) at −70 ° C until the 

time of measurement. Cystatin C was measured 

via the enzymatic method (DIAZYME 
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Laboratories, Poway model, USA), with 

sensitivity of 0.22 mg/dL and the coefficient of 

variation of 3.6%.  

 

Data Analysis 

The data were analyzed and reported only for 

the patients with completed data. The statistical 

analyses of the data were performed using 

SPSS, version 22 (SPSS Inc, Chicago, IL, 

USA). The Mann–Whitney U test was used to 

compare the levels of cystatin C between the 

patients with and without CAD as long as the 

Kolmogorov–Smirnov test implied a non-

normal distribution for serum cystatin C. 

Logistic regression was employed to evaluate 

the effects of the variables on CAD, and the 

measurement of the area under the receiver 

operating characteristic (ROC) curve was 

calculated to determine the best cutoff point for 

serum cystatin C. The quantitative results were 

expressed as the mean ± standard deviation. 

The level of significance was set at a                 

P level ≤ 0.05. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

RESULTS 

 

The final analysis was conducted on 95 male 

and female patients with and without CAD. 

From this total, 63.2% of the patients were 

diagnosed to have CAD and 36.8% were 

diagnosed to be normal. The mean age at the 

time of visit for the total study population was 

58.29 ± 10.45 years old (32–77 y), with the 

minimum of 32 for the non-CAD and 39 for the 

CAD patients. The mean overall body mass 

index was 24.37 ± 4.93; it was higher in the 

patients without CAD than in those with CAD 

(24.94 ± 4.43 vs 27.91 ± 9.32, respectively). 

The mean serum level of cystatin C was 2.21 ± 

0.97 mg/L; it was higher among the patients 

with CAD (3.57 ± 0.58 mg/L) (Table 1) and it 

was significantly different between the CAD 

and non-CAD groups based on the Mann–

Whitney U test (P < 0.001). According to the 

normality test, the distribution of cystatin C was 

not normal (P = 0.030) and based on the 

Kruskal–Wallis test, there was a significant 

difference in the serum level of cystatin C 

between the different groups of CAD patients 

(P < 0.0001). Most of the patients were male 

Assessed for eligibility  
In CAD patients (n=67) 
In control group (n=41)  

Excluded from CAD group (n=7) 
   Not meeting inclusion criteria (n=5) 
   Declined to participate (n=2) 

 

Analyzed (n=35) 

 analysis (dropped out) (n=0) 

Measurement of serum levels of cystatin C in 
control group (n= 35) 

0) 

Analyzed (n=60) 

ropped out) (n=0) 

 

Serum level 

measurement 

Analysis 

Cystatin C (n= 95) 

Figure 1. Study flowchart 

Excluded from control group (n=6) 
   Not meeting inclusion criteria (n=6) 
   Declined to participate (n=0) 

 

Measurement of cystatin C in CAD group (n= 60) 

0) 
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(50.5%), with a higher frequency in the CAD 

group (60% vs 40%, respectively). Overall, 

most of the study population had no family 

history of coronary heart disease (70.5%), 

smoking (69.5%), opium addiction (53.7%), 

blood pressure at the time of study > 140/90 

mm Hg (60%), hyperlipidemia (54.7%), and 

diabetes (77.9%); nonetheless, the majority had 

hypertension (50.5%). These quantities were all 

similar for the CAD and non-CAD groups 

except for smoking, which was lower in 

frequency in the patients without CAD (46.4%), 

and opium addiction (39.3%) and also 

hyperlipidemia, which was higher in frequency 

among the patients with CAD (42.9%) (Table 

2). According to the results of the logistic 

regression, age, smoking status, hyperlipidemia, 

and the level of serum cystatin C were 

significantly correlated with CAD (Table 3).  

Additionally, the area under the ROC curve was 

calculated to be 0.702 (Fig. 1), with sensitivity 

of 88.5% and specificity of 82.4% based on 0.5 

as the best cutoff point for serum cystatin C     

(P = 0.001, 95% CI: 0.59 to 0.81), which 

implied that serum cystatin C was a good 

indicator to discriminate patients with CAD 

from those without CAD. The accuracy of the 

test was calculated to be 86.31%. Positive and 

negative predictive values were 88.52% and 

82.35%, respectively. 

 
Table1. Continuous clinical and biological characteristics of the patients 

 Overall With CAD Without CAD 

Factor Min Max Mean SD Min Max Mean SD Min Max Mean SD 

Age, y 32 77 58.29 10.45 39 77 60.77 9.50 32 77 54.06 10.77 

BMI 14 54 24.37 4.93 17 54 24.03 5.20 14 38 24.94 4.43 

Cystatin C  0.40 4.86 2.21 0.97 1.04 4.86 2.95 0.74 0.40 2.60 1.40 0.56 

 
         CAD, Coronary artery disease, BMI, Body mass index 

 
Table 2. Categorical clinical and biological characteristics of the patients 

* Significant at the 5% level 

 Overall 0 1 2 3  

Factor No. of 
Patients 

(%) No. of 
Patients 

(%) No. of 
Patients 

(%) No. of 
Patients 

(%) No. of 
Patients 

(%) P 
value 

Sex 

 female 47 49.5 23 65.7 8 28.6 4 36.4 12 57.1 
0.020* 

 male 48 50.5 12 34.3 20 71.4 7 63.6 9 42.9 

Family history of coronary heart disease 

 yes 28 29.5 14 40 7 25 3 27.3 4 19 0.353 

 no 67 70.5 21 60 21 75 8 72.7 17 81 

Smoking 

yes 29 30.5 5 14.3 15 53.6 5 45.5 4 19 0.003* 

no 66 69.5 30 85.7 13 46.4 6 54.5 17 81 

Opium addiction 

yes 44 46.3 14 40 17 60.7 6 54.5 7 33.3 0.346 

no 51 53.7 21 60 11 39.3 5 45.5 14 66.7 

Hypertension 

yes 48 50.5 14 40 12 42.9 8 72.7 14 66.7 0.087 

no 47 49.5 21 60 16 57.1 3 27.3 7 33.3 

Blood pressure at the time of study 

≥140/90 34 40 10 28.6 7 25 8 72.7 9 42.9 0.027* 

<140/90 61 60 25 71.4 21 75 3 27.3 12 57.1 

Hyperlipidemia 

yes 43 45.3 11 31.4 14 50 6 54.5 12 57.1 0.209 

no 52 54.7 24 68.6 14 50 5 45.5 9 42.9 

Diabetes 

yes 21 22.1 8 22.9 4 14.3 3 27.3 6 28.6 0.640 

no 74 77.9 27 77.1 24 85.7 8 72.7 15 71.4 
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Table 3. Effects of the variables based on logistic 

regression 

Factor OR(95% CI) P value 

Age, y 0.921 (0.85,0.99) 0.044* 

BMI 0.928 (0.78,1.13) 0.470 

Cystatin C 0.039 (0.008,0.195) <0.0001* 

Sex 

     female 2.07 (0.21,19.81) 
0.525 

     male** - 

Family history of coronary heart disease 

     yes 3.36 (0.61, 18.46) 
0.162 

     no** - 

Smoking 

     yes 0.067 ( 0.005,0.93) 
0.045* 

     no** - 

Opium addiction  

     yes 2.43 (0.27,21.77) 0.426 

     no** - 

Hypertension 

     yes 3.70 (0.63,21.52) 0.145 

     No** - 

Blood pressure at the time of study 

     ≥140/90 0.67 (0.11,3.86) 0.659 

     <140/90** - 

Hyperlipidemia  

     Yes 0.087 (0.01,0.61) 0.014* 

     no** - 

Diabetes 

     yes 1.68 (0.14, 19.36) 0.677 

     no** - 

 * Significant at the 5% level; ** Stands for a control group 
BMI, Body mass index 
 
 

 
Figure 1. Area under the ROC curve for cystatin C 
(AUC = 0.954, 95%CI: 0.917 to 0.991; P < 0.0001) 

DISCUSSION 
 

According to our results, cystatin C serum 

levels with a cutoff point 0.5 had high and 

acceptable sensitivity and specificity in 

diagnosing CAD. Moreover, we found that 

cystatin C serum levels were significantly higher 

in our CAD patients than in the control group. 

Yan L et al 
18

 showed that the simultaneous 

detection of cystatin C in serum might be useful 

in the detection of CAD, as well as in the 

clinical classification and assessment of the 

severity of CAD. Sugiyama et al 
19

 reported 

that higher serum cystatin C levels were 

associated with CAD incidence and greater 

coronary artery calcification in women without 

chronic renal disease. They concluded that the 

measurement of cystatin C might be useful in 

identifying women at high risk for CAD with 

high severity. Zhang et al 
20

 showed that 

serum cystatin C levels could reflect the 

severity of vascular lesions in patients with 

acute coronary syndrome patients and that a 

high cystatin C level possessed high and 

acceptable predictive values regarding the 

severity of vascular lesions in acute coronary 

syndrome. Wang et al 
21 

demonstrated that the 

serum cystatin C level in elderly patients was 

closely correlated with the degree of blood 

pressure and coronary artery stenosis and that it 

was able to predict CAD with high and 

acceptable sensitivity and specificity. Negrusz-

Kawecka et al 
22

 reported that a high cystatin 

C level was a major risk factor for 

acute coronary syndrome and STEMI and that it 

could play an important role in the early 

diagnosis of CAD and the prevention of 

adverse cardiovascular events. Wang et al 
23

 

found that high serum cystatin C levels were 

significantly correlated with the presence and 

severity of CAD in patients without chronic 

renal disease. They suggested that cystatin 

C might play an important role in the diagnosis 

of CAD and its severity.  All these studies are 

concordant with the results obtained from our 

study.  
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The main functions of serum cystatin C are to 

inhibit endogenous cysteine proteases activity, 

regulate the intracellular metabolism of 

proteins, 
24

 and play an inflammatory mediator 

role through the activation of neutrophils. 
25

 

Therefore, its mechanisms involve different 

organs and vary—including the inhibition of 

inflammatory factors, the confrontation of 

plasminogens, the regulation of the activity of 

pre-hormones, and finally the regulation of 

proteinases inside and outside cells. 
26-28

 

Moreover, cystatin C can regulate inflammatory 

processes and participate in atherosclerotic 

plaque formation. Cystatin C may also have 

different functions such as inhibiting the 

activity of cathepsin S and K, reducing the 

degradation of blood vessels and vascular 

remodeling, and postponing the development of 

atherosclerosis. 
20

 The degradation of the 

extracellular matrix in the atherosclerotic 

process occurs in ischemic coronary events; 

consequently, cystatin C—as a cysteine 

protease inhibitor—is involved in the 

atherosclerotic process. 
23

 

Vakili et al 
29 

showed that the level of cystatin 

C was not a suitable predictor for CAD and the 

severity of the coronary involvement. 

Svensson-Färbom et al 
30

 demonstrated that 

higher levels of plasma cystatin C were not 

correlated with CAD. All these results are in 

contrast to our results. These studies reported 

that plasma cystatin C did not increase in 

patients suffering from CAD. There are 

different hypotheses that the expression of 

cystatin C is reduced before cardiac events and 

that this reduction activates inflammatory 

factors and cell factors and induces a lower 

level of cystatin C. On the other hand, a 

previous study showed that cystatin C was 

induced by transforming growth factor β1 

(TGF-β1), which is significantly reduced in 

atherosclerosis. 
31

 
 

CONCLUSIONS 
 

Our results showed that cystatin C serum levels 

with a cutoff point 0.5 had high and acceptable 

sensitivity and specificity in diagnosing CAD. 

Accordingly, cystatin C serum levels can play 

an important role in the early diagnosis of CAD 

and the prevention of adverse cardiovascular 

events. We posit that the measurement of 

cystatin C serum levels, along with other 

cardiac biomarkers such as high-sensitive 

troponin application, may enable us to predict 

cardiac events sooner and decrease the 

mortality and morbidity of patients.  
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