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Abstract

Background PCI has a less favorable outcome when conducted in patients with renal 
impairment and early identification of these patients is important because preventive and 
renoprotective measures can be installed. Cystatin C has been proposed as a more sensitive 
marker of renal function than serum creatinine or creatinine-based estimating equations, 
in particular for detection mild to moderate decrements in the glomular filtration rate. We 
evaluated the prognostic value of plasma concentration of cystatin C in patients undergo-
ing elective PCI.

Methods The GENetic Determinants of Restenosis (GENDER) project was a prospective, 
multicenter study that enrolled 3146 consecutive patients after successful PCI. Patients 
were stratified according to tertiles of the cystatin C concentration at baseline. The primary 
end point was target vessel revascularization (TVR) within 1 year.

Results In a total of 1293 patients cystatin C was available and were included. eGFR ranged 
from 106 to 69 (mL/min/1.73m²) between the tertiles. The primary end point, the rate of 
TVR, was 15.3% in the first cystatin C tertile, 9.6 in the second tertile, and 10.6% in the third 
tertile (P=0.03). The rate of cardiac death was 0.2% in the first cystatin C tertile, 0.9% in the 
second tertile, and 2.8% in the third tertile (P=0.001). There was no significant difference 
observed in the composite of all cause mortality, MI or TVR. In the multivariate analysis 
cystatin C was a predictor for the primary end point (relative risk 0.46, 95% confidence 
interval (0.23 – 0.90); P=0.02).

Conclusion In patients undergoing elective PCI and have a normal kidney function, cys-
tatin C may act as a potential marker for enhancement of risk stratification to identify 
patients with a higher risk of target vessel revascularization and mortality.
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Introduction

Percutaneous coronary intervention (PCI) is daily routine clinical practice for the treat-
ment of coronary artery disease (CAD). Improved risk stratification may help identify 
patients with an increased risk of cardiovascular events after PCI. Renal impairment is an 
independent risk factor for cardiovascular disease, congestive heart failure, and mortality 
even in cases in which renal impairment was mild. (1-4) In addition, PCI has a less favor-
able outcome when conducted in patient with renal impairment. (5) Early identification of 
patients with renal impairment is important because preventive and renoprotective mea-
sures are available.

In clinical practice, serum creatinine is the marker most commonly used to assess renal 
function, however, concentrations are affected by tubular secretion, age, sex, muscle mass, 
physical activity and diet. (6) Therefore, serum creatinine does not have a direct relationship 
with the glomerular filtration rate (GFR). The Cockcroft-Gault (7) and the Modification of 
Diet in Renal Disease (MDRD) (8) equations, both based on serum creatinine, are being 
used increasingly but have limited value in early detection of renal impairment. Cystatin C 
has been proposed as a more sensitive marker of renal function than serum creatinine or 
creatinine-based estimating equations, in particular for detection mild to moderate decre-
ments in the GFR. (9-11) Several studies have suggested that the serum concentration of 
cystatin C may serve as a better predictor of outcomes of cardiovascular disease than GFR 
estimates based on the serum creatinine concentration. (12-15) Moreover, Cystatin C is a 
cysteine protease inhibitor, which plays an important role in arterial wall remodeling. In the 
present study, we evaluated the prognostic value of plasma concentration of cystatin C in 
patients undergoing elective PCI.

Methods

Study design
The prospective, multicenter GEnetic DEterminants of Restenosis study (GENDER) was 
designed to evaluate the association between various gene polymorphisms and risk of 
clinical restenosis. In addition, laboratory measurements were performed such as kidney 
function, glucoses, and inflammatory markers. The study design has been described previ-
ously. (16) In brief, patients were eligible for inclusion if they were successfully treated for 
stable angina, non-ST elevation acute coronary syndromes or silent ischemia with plain 
old balloon angioplasty or stenting by PCI in 4 of the 13 referral centers for interventional 
cardiology in the Netherlands. Patients treated for acute ST elevation myocardial infarction 
were excluded. All patients were included between March 1999 and June 2001. The study 
protocol conformed to the Declaration of Helsinki and was approved by the medical ethics 
committee of each participating institution. Written informed consent was obtained from 
each patient prior to the PCI procedure. Due to the time of inclusion, no international 
clinical trial registration number of this trial is available.
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PCI procedure
Balloon angioplasty and stent placement was performed with standard techniques using 
the femoral or radial approach. Prior to procedure, patients received 300 mg of aspirin 
and 7500 IU of heparin. The use of intracoronary stents and additional medication, such 
as glycoprotein IIb/IIIa inhibitors was at the discretion of the operator. When a stent was 
implanted, patients received either ticlopidin or clopidogrel for at least one month follow-
ing the procedure depending on local practice. In the GENDER study, no drug-eluting 
stents were used. 

Blood samples and laboratory analysis
Blood was collected in 10 ml tubes without anticoagulant through the arterial sheath at the 
start of the PCI procedure, centrifuged without undue delay and the serum was stored at 
-80°C until further off-line analysis. Cystatin C concentrations were measured on a ProSpec 
analyzer (Dade Behring). High sensitive C-reactive protein (hs-CRP) was measured on a 
BNII nephelometer (Siemens). Creatinine was measured on the Modular P800 System 
using the enzymatic method (Roche Diagnostics GmbH, Germany). The creatinine clear-
ance rate (estimated glomular filtration rate (eGFR)) was calculated with the equation of 
Cockcroft and Gault and corrected for body surface area. (7)

Follow-up and study end points
Clinical follow-up lasted for 9 to 12 months or until a coronary event occurred. Patients 
were either seen at the outpatient clinic or contacted by telephone. The primary end point 
was clinical restenosis defined as the incidence of target vessel revascularization (TVR) 
either by repeat PCI or coronary artery bypass grafting (CABG). An independent clinical 
events committee adjudicated all clinical events. Events occurring within one month were 
classified and analyzed separately, since these events are more likely attributable to sub-
acute stent thrombosis or occluding dissections and not to restenosis. Data were collected 
with standardized case report forms that were completed by the research coordinator at 
each site. Representatives from the data coordinating center monitored the sites according 
to a prespecified protocol.

Statistical analysis
As cystatin C was had a Gaussian distribution, patients were grouped according to cys-
tatin C tertile: <0.90 mg/L, 0.90-1.07 mg/L, and >1.07 mg/L. Data are presented as the 
mean (± standard deviation) or as the number (percentage). The one-way ANOVA or 
Kruskal–Wallis rank sum test was used for continuous variables in a comparison of baseline 
characteristics and the Pearsons chi-square test was used for categorical variables. Uni-
variate and multivariate regression analysis was performed to identify the value of cystatin 
C concentration for predicting TVR. The continuous variables age and stent length were 
entered as categorical variables as follows: age > 65 years and stent length ≥ 15 mm. The 
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statistical analysis was performed with the Statistical Package for Social Sciences software 
(SPSS 18.0 for Windows; SPSS Inc.). A P value <0.05 was considered statistically significant. 

Results

Baseline characteristics
The characteristics of the GENDER patient population was described previously. (16) In 
summary, follow-up was completed in 3146 patients (99%) with a median duration of 9.6 
months. A total of 42 patients had an event in the first 30 days and were therefore excluded 
from further analyses, according to the protocol. Of the remaining 3104 patients, a blood 
sample for cystatin C measurement was available in 1293 patients in one center with special 
interest in kidney function additional blood was collected. The median cystatin C concen-
tration was 0.97 mg/L (25th–75th percentile, 0.87–1.14 mg/L; range, 0.51– 7.55 mg/L). 
Patients were grouped according to cystatin C tertile.

Baseline clinical characteristics are listed in table 1 according to cystatine C tertile. 
Higher baseline concentrations of cystatin C were associated with older age, diabetes, 
hypertension, previous CABG, use of ACE inhibitors and multivessel disease. Low baseline 
concentrations of cystatin C were associated with male gender, hypercholesterolemia, a 
positive family history for CAD, current smoking, the use of aspirin and lipid lowering 
medication. In patients with cystatin C concentrations <0.90 mg/L (first tertile), the mean 
eGFR was 106 mL/min/1.73m². In patients with cystatin C concentrations of 0.90–1.07 
mg/L (second tertile), the mean eGFR was 91 mL/min/1.73m². In patients with cystatin C 
concentrations >1.07 mg/L (third tertile), the mean eGFR was 69 mL/min/1.73m².

Baseline angiographic and procedural characteristics are listed in table 2. No significant 
differences were found between cystatin C tertile in coronary artery treated or lesion type. 
Patients in the third tertile were most likely to undergo stent placement.

Clinical outcomes
Clinical follow-up was completed in all patients and results are listed in table 3. The primary 
end point, the rate of TVR, was 15.3% in the first cystatin C tertile, 9.6 in the second tertile, 
and 10.6% in the third tertile (P=0.03). During follow-up 25 patients (1.9%) died of whom 
17 patients (1.3%) died from a cardiac cause. The rate of cardiac death was 0.2% in the first 
cystatin C tertile, 0.9% in the second tertile, and 2.8% in the third tertile (P=0.001). No 
significant difference was found between cystatin C tertile and the incidence of MI.

In the univariate analysis, diabetes, three vessel disease and cystatin C were identified 
as predictors for the primary end point (table 4). In the multivariate analysis cystatin C 
remained a predictor for the primary end point (relative risk 0.456, 95% confidence interval 
(0.232 – 0.896); P=0.02). Serum creatinine and eGFR were not found to have predictive 
value for the primary end point.
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Table 1 Baseline clinical characteristics according to cystatin C tertile.
Cystatin C tertiles

pFirst tertile:
<0.90 mg/L

(n = 432)

Second tertile:
 0.90-1.07 mg/L

(n = 436)

Third tertile:
 >1.07 mg/L

(n = 425)
Age (y) 57 ± 10 62 ± 10 68 ± 10 <0.001
Male 322 (74%) 332 (76%) 277 (65%) 0,002
Body mass index (kg/m²) 27 ± 4 27 ± 4 27 ± 4 0,43
Risk factors
   Diabetes 59 (14%) 47 (11%) 82 (19%) 0,02
   Hypertension 153 (35%) 162 (37%) 217 (51%) <0.001
   Hypercholesterolemia 288 (67%) 276 (63%) 239 (56%) 0,002
   Family history of CAD 223 (52%) 171 (39%) 157 (37%) <0.001
   Current smoking 128 (30%) 94 (22%) 89 (21%) 0,003
Clinical history
   MI 169 (39%) 183 (42%) 183 (43%) 0,24
   PCI 80 (19%) 89 (20%) 90 (21%) 0,33
   CABG 29 (6,7%) 41,0 (9,4%) 59 (14%) <0.001
Stable angina 284 (67%) 295 (69%) 279 (67%) 0,94

Drug therapy prior to admission
   Aspirin therapy 388 (90%) 364 (84%) 349 (82%) 0,002
   ß-blocker 348 (81%) 357 (82%) 335 (79%) 0,53
   Calcium antagonist 248 (57%) 240 (55%) 230 (54%) 0,33
   ACE-inhibitor 60 (14%) 57 (13%) 107 (25%) <0.001
   Lipid lowering medication 243 (56%) 232 (53%) 212 (50%) 0,06
   GP IIb/IIIa inhibitors 101 (23%) 142 (33%) 172 (41%) <0.001

Extent of disease
   Single vessel disease, n (%) 290 (67%) 259 (59%) 211 (50%) <0.001
   Two vessel disease 121 (28%) 128 (29%) 156 (37%) 0,006 
   three vessel disease 21 (5%) 49 (11%) 58 (14%) <0.001

Laboratory measurements
   Cystatin C (mg/L) 0,82 ± 0.07 0,98 ± 0.05 1,38 ± 0.55 <0.001
   Creatinine (umol/L) 69 ± 13 75 ± 13 98 ± 69 <0.001
   Estimated GFR (mL/min/1.73m²) 106 ± 22 91 ± 19 69 ± 21 <0.001
   hs-CRP (mg/L) 4,2 ± 7.0 5,2 ± 9.7 7,8 ± 13.7 <0.001
values are n (%) or mean±SD
CAD: coronary artery disease, MI: myocardial infarction, PCI: percutaneous coronary intervention, 
CABG: Coronary artery bypass grafting, GFR: glomular filtration rate, hs-CRP: high sensitive C-reactive 
protein
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Table 2 Angiographic and procedural characteristics according to cystatin C tertile.
Cystatin C tertiles

pFirst tertile:
<0.90 mg/L

(n = 432, L = 571)

Second tertile:
 0.90-1.07 mg/L

(n = 436, L = 607)

Third tertile:
 >1.07 mg/L

(n = 425, L = 582)
Coronary artery treated, n (%) 0,17
   Left anterior descending 254 (45%) 242 (40%) 220 (38%)
   Right coronary artery 152 (27%) 177 (29%) 166 (29%)
   Left circumflex 146 (26%) 169 (26%) 163 (28%)
   Left main artery 6 (1,1%) 9 (1,5%) 6 (1,0%)
   graft 13 (2,3%) 19 (3,1%) 27 (4,6%)

Lesion type* 0,70 
   A 28 (4,9%) 52 (8,6%) 31 (5,3%)
   B1 145 (25%) 163 (27%) 124 (21%)
   B2 238 (42%) 244 (40%) 272 (47%)
   C 160 (28%) 148 (24%) 155 (27%)

Chronic total occlusion 78 (14%) 71 (12%) 62 (11%) 0,11
Restenotic lesion 43 (7,5%) 38 (6,3%) 44 (7,6%) 0,98

Stent placement 385 (67%) 421 (69%) 440 (76%) 0,002 
Stent length (mm) 21,2 ±11 22,1 ±12 22,9 ±13 0,18
Stent diameter (mm) 3,3 ±0.4 3,4 ±0.4 3,3 ±0.4 0,03
Residual stenosis > 20% 108 (19%) 135 (22%) 111 (19%) 0,85
values are n (%) or mean±SD
* modified American Heart Association/American College of Cardiology criteria

Table 3 One year clinical follow-up results according to cystatin C tertile.
Cystatin C tertiles

pFirst tertile:
<0.90 mg/L

(n = 432)

Second tertile:
 0.90-1.07 mg/L

(n = 436)

Third tertile:
 >1.07 mg/L

(n = 425)
Mortality (%) 3 (0,7%) 7 (1,6%) 15 (3,5%) 0,003
   Cardiac 1 (0,2%) 4 (0,9%) 12 (2,8%) 0,001
   Non-cardiac 2 (0,5%) 3 (0,7%) 3 (0,7%) 0,65
Myocardial infarction (%) 7 (1,6%) 9 (2,1%) 4 (0,9%) 0,42
Target vessel revascularization (%) 66 (15,3%) 42 (9,6%) 45 (10,6%) 0,03
Composite of all cause mortality, MI, TVR 69 (16,0%) 48 (11,0%) 56 (13,2%) 0,23
values are n (%)
MI: myocardial infarction, TVR: target vessel revascularization
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Discussion

In this study, we have evaluated the prognostic value of cystatin C in patients undergo-
ing elective PCI. The main findings of this study are the following: regarding the primary 
end point, patients in the lowest teritile of cystatin C had significantly higher rate of TVR 
at 1-year follow-up; in contrast, patients in the highest tertile of cystatin C had a signifi-
cant higher rate of cardiac death. After adjustment for baseline characteristics (including 
eGFR), cystatin C was found to be independently associated with TVR at 1-year follow-
up, whereas, serum creatinine and eGFR were not found to have predictive value for the 
primary end point.

This is the first study evaluating cystatin C as a prognostic value for outcomes after elec-
tive PCI. Although cystatin C is a more sensitive marker for kidney function, cystatin C was 
inversely associated with TVR, this was in contrast to mortality. Moreover, as eGFR ranged 
from 106± 22 to 69± 21 (mL/min/1.73m²) between the tertiles, no patients with severely 
impaired kidney function were included in our study. Therefore, cystatin C may act as a 

Table 4 Univariate and multivariate predictors for TVR at one year follow-up
Univariate Multivariate

Variable RR 95% CI p Value RR 95% CI p Value
Age > 65 1,08 (0.78 - 1.50) 0,63
Male 1,05 (0.73 - 1.50) 0,81
Diabetes 2,05 (1.42 - 2.98) <0.001 1,62 (0.84 - 3.10) 0,15
Hypertension 1,24 (0.90 - 1.71) 0,19
Hypercholesterolemia 0,81 (0.58 - 1.12) 0,81
Family history of CAD 1,27 (0.92 - 1.75) 0,14
Current smoking 0,77 (0.51 - 1.14) 0,19
Prior MI 0,80 (0.57 - 1.12) 0,19
Previous PCI 1,13 (0.77 - 1.66) 0,55
Previous CABG 1,31 (0.80 - 2.14) 0,29
Aspirin therapy 0,80 (0.53 - 1.22) 0,30
Statin therapy 1,01 (0.74 - 1.40) 0,94
Extent of disease
   Single vessel 1,00 ( - )
   Two vessel 0,88 (0.61 - 1.28) 0,52
   Three vessel 1,59 (1.03 - 2.46) 0,04 1,83 (0.94 - 3.57) 0,08
Stent length ≥ 15 mm 1,00 (0.99 - 1.01) 0,90
Cystatine 0,53 (0.28 - 1.03) 0,04 0,46 (0.23 - 0.90) 0,02
Creatinine 1,00 (0.99 - 1.01) 0,60
Estimated GFR (mL/
min/1.73m²)

1,03 (0.98 - 1.08) 0,27

hs-CRP 0,91 (0.99 - 1.01) 0,91
TVR: target vessel ravascularization, CI: confidence interval,  CAD: coronary artery disease, MI: mycar-
dial infarction, PCI: percutaneous coronary intervention,CABG: Coronary artery bypass grafting, GFR: 
glomular filtration rate, hs-CRP: high sensitive C-reactive protein.
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more sensitive risk predictor for TVR amongst patient undergoing elective PCI who have 
a normal kidney function.

The inverse relation of cystatin C and TVR is partly supported by a number of studies. 
In the pathogenesis of atherosclerosis, plaque rupture, restenosis, and aneurysm forma-
tion perturbations of vascular remodeling are an important component. Protease inhibitors 
play an important role in arterial wall remodeling by regulating protease activity. In human 
atherosclerotic plaques, increased levels of cysteine protease and decreased levels of the 
endogenous inhibitor cystatin C were found, suggesting an imbalance that would favor 
extracellular matrix (ECM) degradation in the arterial wall thereby reducing restenosis. 
(17, 18) Recently, Erikson et al (19) demonstrated that a cystatin C promoter polymorphism 
mutation was associated with a reduced plasma cystatin C and correlated with a higher 
than average number of stenosis per coronary artery segment in unselected postmyocardial 
infarction patients. Several animal studies using a balloon injury model of restenosis showed 
that cathepsin cysteine proteases expression was increased during neointima formation. 
(20, 21) Moreover, the increased ECM degrading potential of catheptsin cysteine proteases 
suggests that these proteases are involved in neointima formation. Degradation of the ECM 
may facilitate the migration and invasion of smooth muscle cells and macrophages which 
contribute to the arterial remodeling as observed in neointima formation and restenosis 
after stent placement. (22) Although abovementioned studies give support for our findings, 
we can not exclude the possibility of selection bias as patients in the highest tertile were 
significantly older and had more multivessel disease. In these patients medical therapy for 
coronary artery disease could have been the preferred treatment.

Previous studies have demonstrated that cystatin C predicts all-cause mortality and 
cardiovascular events among elderly predominantly without coronary heart disease. (1, 
15) The ‘Heart and Soul’ study (13) included 990 ambulant patients with coronary heart 
disease, i.e., a history of MI, angiographic coronary stenosis ≥50% in at least 1 epicardial 
vessel, stress-induced myocardial ischemia, or a history of coronary revascularization. The 
eGFR was estimated by means of the MDRD and patients were subdivided by quartiles 
of cystatin C. Mean eGFR was 77 (23) mL/min/1.73m² and mean cystatin C concentra-
tion 1.20 (0.56) mg/dL. After a median follow-up of 37 months, patient in the highest 
cystatin C quartile (cystatin C ≥ 1.3 mg/dL) showed a 3.6-fold all-cause mortality hazard 
compared to patients in the lowest cystatin C quartile. Moreover, this risk association did 
not differ among patients with or without renal dysfunction. In the Atherogene study (23) 
the prognostic role of cystatin C was evaluated in 1827 patients with stable coronary artery 
disease or ACS and normal or mildly impaired eGFR. Patients were subdivided accord-
ing to cystatin C quartiles and after a median of 3.7 years of follow-up the upper quartile 
had a 3.87-fold (95% CI: 2.33–6.42; P<0.001) risk of mortality compared with the pooled 
lower quartiles. After adjustment for potential confounders including classical risk factors 
and N-terminal pro B-type natriuretic peptide this risk association remained. Importantly, 
serum creatinine was not associated with the outcome in this group of patients with normal 
renal function. Abovementioned results are in line with the outcomes of this study evalu-
ating patient whom underwent elective PCI. The consistent association between cystatin 
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C and mortality as found in different patient populations, can be explained as mild renal 
dysfunction is associated with a higher rate of known cardiovascular risk factors, general-
ized atherosclerosis and vascular damage. (24) 

Several limitations should be considered when interpreting our results. In this multi-
center study admission samples for cystatin C and creatinine measurements were available 
for 1293 out of 3104 patients. Moreover, measurements of urinary albumin excretion was 
not performed, therefore, we cannot compare albuminuria and cystatin C as markers of 
preclinical kidney disease. In this study, patients were divided into cystatin C tertiles to 
achieve equally large groups for statistical comparisons. Finally, the GENDER study was 
performed in the pre-DES era, patients were treated by either POBA or bare-metal stenting 
and it is unknown whether our results apply to DES treated patients.

In conclusion, in patients undergoing elective PCI and have a normal kidney function, 
cystatin C can act as a potential marker for enhancement of risk stratification to identify 
patients with a higher risk of target vessel revascularization and mortality.
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