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he incidence of coronary vasospastic angina (VSA) is 
relatively high in Japanese compared with Caucasian 
subjects.1 Coronary vasospasm is associated with the 

pathogenesis of not only VSA but also acute coronary syn-
drome.1,2 The progression of atherosclerosis is one of the key 
determinants of coronary vasospasm,3–5 and is accelerated by 
renal dysfunction.6 Recently it was reported that early stage 
chronic kidney disease (CKD) is related to a relatively early 
stage of atherosclerosis.7–10

Cystatin C, a 13-kD basic protein, is a cysteine protease 
inhibitor involved in the catabolism of proteins. Cystatin C is 
produced at a constant rate in all nucleated cells and is freely 
filtered by the glomeruli, without secretion or subsequent reab-
sorption into the circulation. Thus, serum cystatin C has been 
shown to be a better endogenous marker of glomerular filtra-
tion rate (GFR) than serum creatinine, because serum con-
centrations are independent of muscle mass and less affected 
by age or gender.11–14

It has been reported that the preclinical state of kidney dys-
function, which can be detected by measurement of serum 
cystatin C but not serum creatinine or estimated GFR (eGFR), 
is associated with the development of cardiovascular disease 
and subsequent mortality.11,15,16 The relationship between 
serum cystatin C levels and coronary vasospasm, however, 
has not been elucidated. The aim of the present study was to 
investigate whether elevated cystatin C levels predict the inci-
dence of VSA.

Methods
Subjects
An angiography-based coronary spasm provocation test was 
performed on 136 patients who were referred to Yamagata 
University Hospital due to suspected VSA between June 2008 
and October 2010. One hundred and ten patients who had no 
organic coronary stenosis were enrolled in the study. The ex-
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Background:  Cystatin C, a marker for early stage chronic kidney disease, has been shown to be involved in car-
diovascular disease. The relationship between serum cystatin C levels and coronary vasospastic angina (VSA), 
however, remains to be elucidated. The aim of the present study was to investigate whether elevated cystatin C 
levels predict the incidence of VSA.

Methods and Results:  One hundred and ten patients were referred to hospital due to suspected VSA. VSA 
was evoked in 59 patients by a vasospasm provocation test with administration of acetylcholine into the coronary 
arteries. The patients with VSA had lower levels of high-density lipoprotein cholesterol and a higher history of ciga-
rette smoking, higher levels of triglyceride, high-sensitivity C-reactive protein, and higher cystatin C levels compared 
with those without VSA. There were no differences in serum creatinine or estimated glomerular filtration rate between 
patients with and without VSA. Multivariate logistic regression indicated that history of smoking (odds ratio, 2.956 
P<0.05) and cystatin C levels (odds ratio, 2.285; P<0.01) were independently associated with the incidence of VSA.

Conclusions:  Elevated cystatin C levels were associated with higher incidence of VSA, suggesting that mild renal 
dysfunction may be implicated in the pathogenesis of coronary artery spasm.    (Circ J  2011; 75: 2439 – 2444)
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clusion criteria were coronary stenosis (≥50%; n=22), dilated 
cardiomyopathy (n=1), severe hypertension (>160/110 mmHg; 
n=1), diabetes mellitus with hyperfiltration (n=1)17 and malig-
nant disease (n=1). The following coronary risk factors were 
assessed: hypertension (blood pressure ≥140/90 mmHg or  
taking anti-hypertensive drugs), history of smoking (≥2 pack 
years), dyslipidemia (low-density lipoprotein cholesterol 
≥140 mg/dl or high-density lipoprotein cholesterol [HDL-C] 
<40 mg/dl, or taking drugs for dyslipidemia), diabetes mellitus 
(fasting glucose level ≥126 mg/dl or taking insulin or oral 
hypoglycemic drugs), body mass index, and previous family 
history of cardiovascular disease. The study was approved by 
the institutional ethics committee and all patients gave written 
informed consent. eGFR was calculated according to the modi-
fication of diet in renal disease equation, applying coefficients 
corrected for the Japanese population based on concentra-
tion of serum creatinine [eGFR (ml · min–1 · 1.73 m–2) =194 ×  
SCr1.094 × age–0.287 (×0.739 if female)].18 Patients were strat-
ified into 3 CKD stages: stage I, normal eGFR (≥90 ml · min–1 ·  

1.73 m–2); stage II, mild reduction in eGFR (60–89 ml · min–1 ·  
1.73 m–2); and stage III, moderate reduction in eGFR (30–59 ml ·  
min–1 · 1.73 m–2). Urine albumin – creatinine ratio (UACR) was 
calculated by analysis of a single spot urine specimen collected 
on admission. Proteinuria was defined as UACR ≥30 mg/g.19

Induction of Coronary Spasm
Vasoactive drugs, including calcium channel blockers, nitrates, 
 β-adrenergic blockers, and other vasodilators were withdrawn 
for at least 3 days before the study. Before the vasospasm 
provocation test with acetylcholine, control coronary arteriog-
raphy was performed. Acetylcholine was then injected from 
the same angle into the right coronary artery at a dose of 20 μg 
or 50 μg and into the left coronary artery at 50 μg or 100 μg 
each over a period of 20 s. At 3 min from the start of each injec-
tion, angiography was performed. In the event of an ischemic 
change on the electrocardiogram (ECG), or chest pain, angiog-
raphy was performed at that time. Coronary spasm was defined 
as total or subtotal occlusion (≥90% stenosis) accompanied by 

Table 1.  Subject Clinical Characteristics

VSA group 
(n=59)

Non-VSA group 
(n=51) P value

Age (years) 64.9±11.2 63.2±12.1 0.458

Male, n (%) 41 (69) 29 (57) 0.170

BMI (kg/m2) 24.1±3.2 23.2±3.4 0.158

Hypertension, n (%) 39 (66) 28 (55) 0.230

Systolic blood pressure (mmHg) 126.3±16.6　　 127.5±15.0　　 0.686

Diastolic blood pressure (mmHg) 74.0±11.7 73.3±10.5 0.757

Diabetes mellitus, n (%)   7 (12)   9 (18) 0.391

Dyslipidemia, n (%) 31 (53) 20 (39) 0.191

Cigarette smoking, n (%) 35 (59) 14 (27) <0.001　

Fasting blood glucose (mg/dl) 104.5±22.9　　 103.7±30.1　　 0.880

HbA1c (%) 5.63±0.75 5.58±0.55 0.670

TC (mg/dl) 177.5±29.7　　 178.6±35.0　　 0.897

HDL-C (mg/dl) 52.2±12.4 60.3±16.4 0.005

TG (mg/dl) 124, 97–176 98, 74–133 0.002

hs-CRP (mg/dl) 0.057, 0.032–0.116 0.020, 0.015–0.064 <0.001　

Serum creatinine (mg/dl) 0.77±0.18 0.73±0.17 0.302

eGFR (ml · min–1 · 1.73 m–2) 75.7±20.8 77.4±17.0 0.659

Serum cystatin C (ng/ml) 1.00±0.18 0.89±0.14 <0.001　

UACR (mg/g) 7.00, 4.80–16.2 7.40, 6.00–13.3 0.275

Prevalence of proteinuria, n (%)   8 (14)   6 (12) 0.808

BNP (pg/dl) 21.7, 12.1–49.9 27.9, 12.0–48.9 0.613

Free T3 (pg/ml) 3.29±0.55 3.20±0.47 0.358

Free T4 (ng/ml) 1.06±0.21 1.07±0.19 0.887

TSH (μU/ml) 1.55, 1.21–2.26 1.31, 0.74–1.98 0.184

LVFF (%) 68.9±8.5　　 69.1±8.5　　 0.878

Family history of CAD, n (%)   8 (14)   8 (16) 0.752

Aspirin, n (%) 34 (58) 24 (47) 0.268

Nitrates, n (%) 19 (32)   7 (14) 0.024

Statins, n (%) 24 (41) 20 (39) 0.876

Calcium-channel blockers, n (%) 31 (53) 16 (31) 0.025

ACE-I or ARB, n (%) 21 (36) 15 (29) 0.491

β-blockers, n (%) 1 (2) 4 (8) 0.123

Data given as mean ± SD, n (%) or median and interquartile range.
VSA, vasospastic angina; BMI, body mass index; HbA1c, hemoglobin A1c; TC, total cholesterol; HDL-C, high-density 
lipoprotein cholesterol; TG, triglyceride; hs-CRP, high-sensitivity C-reactive protein; eGFR, estimated glomerular filtra-
tion rate; UACR, urine albumin-creatinine ratio; BNP, B-type natriuretic peptide; T3, triiodothyronine; T4, thyroxine; 
TSH, thyroid-stimulating hormone; LVEF, left ventricular ejection fraction; CAD, coronary artery disease; ACE-I, angio-
tensin-converting enzyme inhibitors; ARB, angiotensin II receptor blocker.
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an episode of chest pain, ischemic ST-segment changes on the 
ECG, or both. The test was discontinued when coronary spasm 
was induced. Intracoronary infusion of acetylcholine was per-
formed according to a standard method of provocation test-
ing.20

Laboratory Analysis
Blood samples were collected and measured on admission. 
Serum cystatin C was measured on colloidal gold particle-
enhanced colorimetric immunoassay (Nescauto GC Cystatin C, 
Alfresa Pharma, Osaka, Japan) on a JEOL JCA-BM 8000 series 
automatic analyzer. General biochemical parameters were 
measured using routine laboratory methods.

Statistical Analysis
Results are presented as mean ± SD for continuous variables 
and as percentage of the total number of patients for cate-
gorical variables. Skewed data are expressed as median and 
interquartile range (IQR). Student’s unpaired t-test and the 
chi-square test were used for comparison of continuous and 
categorical variables, respectively. If the data were not nor-
mally distributed, the Mann – Whitney U-test was used. We 

classified the patients into 3 groups based on cystatin C, cre-
atinine level and CKD stage. Comparison of incidence of VSA 
among the 3 groups was performed using the Kruskal – Wallis 
test. Logistic regression analysis was performed to evaluate 
the relationship between the incidence of coronary vasospasm 
and the parameters. Only the variables that showed signifi-
cant associations on univariate analysis were entered into the 
multivariate analysis. All P-values were 2-sided, and P<0.05 
were considered significant. Statistical analysis were performed 
using a standard statistical software package (JMP version 8, 
SAS Institute, Cary, NC, USA).

Results
Fifty-nine patients were diagnosed with VSA on coronary 
spasm provocation with acetylcholine. The clinical character-
istics of study patients are listed in Table 1. Serum cystatin C 
levels were significantly greater in the patients with VSA than 
in those without VSA (1.00±0.18 ng/ml vs. 0.89±0.14 ng/ml, 
P<0.001). There were no significant differences, however, in 
serum creatinine concentrations or eGFR between the patients 
with and without VSA. The prevalence of cigarette smoking 

Figure 1.    Incidence of vasospastic an-
gina (VSA) vs. (A) serum cystatin C and 
(B) serum creatinine.
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was significantly higher in the patients with VSA than in 
those without VSA (59% vs. 27%, P<0.001). High-sensitivity 
C-reactive protein (hs-CRP) levels were significantly higher in 
the patients with VSA than in those without VSA (0.057 mg/dl, 
IQR 0.032–0.116 vs. 0.020 mg/dl, IQR 0.015–0.064, P<0.001). 
There were no significant differences in prevalence of protein-
uria between the patients with and without VSA (14% vs. 12%, 
P=0.808). All patients were classified into 3 groups according 
to their serum cystatin C and creatinine levels: cystatin C, 
≤0.87 ng/ml (n=37, first tertile); 0.88–1.00 ng/ml (n=37, second 
tertile); ≥1.01 ng/ml (n=36, third tertile); creatinine, ≤0.67 mg/dl 
(n=37, first tertile); 0.68–0.82 mg/dl (n=37, second tertile); 
≥0.83 mg/dl (n=36, third tertile). The incidence of VSA was 
highest in patients in the third tertile of cystatin C concentration 
(Figure 1A), whereas it was not associated with serum creati-
nine levels (Figure 1B). Next, all patients were classified into 
3 groups according to their CKD stage: stage I, eGFR ≥90/ml ·  

min–1 · 1.73 m–2 (n=23); stage II, eGFR =60–89/ml · min–1 ·  
1.73 m–2 (n=70); stage III, eGFR =30–59/ml · min–1 · 1.73 m–2 
(n=17). Although patients in stage III CKD tended to have  
a greater incidence of VSA compared to those with stage I 
and II CKD, there were no significant differences among the 
3 groups (Figure 2). To assess the factors predicting the inci-
dence of VSA, univariate and multivariate logistic regression 
analysis was performed (Table 2). On univariate analysis,  
the history of cigarette smoking, HDL-C, triglyceride levels, 
hs-CRP levels and cystatin C levels were associated with the 
incidence of VSA. Multivariate analysis showed that the  
history of cigarette smoking and cystatin C levels were inde-
pendent predictors of the incidence of VSA.

Discussion
The present study has demonstrated that elevated serum cys-

Figure 2.    Incidence of vasospastic angina (VSA) 
vs. chronic kidney disease (CKD) stage.

Table 2.  Logistic Regression Analysis for VSA

Factor
Univariate Multivariate

OR 95%CI P value OR 95%CI P value

Age* 1.169 0.771–1.786 0.536

Male gender 1.728 0.789–3.784 0.171

BMI* 1.330 0.895–1.975 0.159

Hypertension 1.602 0.741–3.464 0.231

Diabetes mellitus 0.628 0.216–1.828 0.394

Dyslipidemia 2.030 0.941–4.379 0.071

Cigarette smoking 3.854 1.723–8.621 0.001 2.956 1.087–8.040 0.034

Family history of CAD 0.843 0.292–2.435 0.753

HDL* 0.553 0.358–0.849 0.007 0.943 0.547–1.617 0.819

TG* 2.011 1.191–3.370 0.011 1.843 1.000–3.370 0.056

LVEF* 0.967 0.654–1.439 0.876

BNP* 0.870 0.622–1.335 0.617

Serum creatinine* 1.225 0.835–1.797 0.301

eGFR* 0.909 0.630–1.328 0.656

UACR* 0.969 0.626–1.328 0.876

HbA1c* 1.087 0.741–1.595 0.127

hs-CRP* 2.059 1.035–4.099 0.039 1.715 0.859–3.422 0.126

Serum cystatin C* 2.392 1.412–4.050 0.001 2.285 1.268–4.121 0.006

*Per 1-SD increase.
OR, odds ratio; CI, confidence interval. Other abbreviations see in Table 1.
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tatin C levels may predict the incidence of VSA. The history 
of smoking and hs-CRP levels were also higher in patients with 
VSA than in those without VSA, which is consistent with the 
results of previous studies.21

It has been reported that the progression of atherosclerosis 
is one of the key determinants of coronary artery spasm.3,22 
Renal dysfunction was shown to cause vascular damage and 
progression of atherosclerosis,7–9 and even mild renal dysfunc-
tion may result in the progression of atherosclerosis and dete-
rioration in cardiovascular outcomes.23 Recently, lower levels 
of eGFR have been postulated to be associated with high 
prevalence of VSA,24 but there have been few studies demon-
strating a relationship between the incidence of VSA and mild 
renal dysfunction. To our knowledge, this is the first report  
to indicate that subtle renal dysfunction may be implicated in 
the pathogenesis of coronary vasospasm.

In general, renal function is evaluated by measurement of 
serum creatinine levels or by creatinine-based eGFR. Serum 
creatinine levels, however, are influenced by many factors, 
including muscle mass, age and gender.25 Recently, cystatin C 
has gained attention as a promising marker of renal function. 
Serum cystatin C levels have been shown to reflect eGFR,  
as measured by inulin clearance, more precisely than serum 
creatinine levels, because serum cystatin C concentrations are 
independent of muscle mass and less affected by age or gen-
der.11–14 Previous reports have indicated that serum cystatin C 
concentrations can be used to detect mild to moderate de-
creases in eGFR that are not evident from measurement of 
serum creatinine levels.11 In the present study, elevated serum 
cystatin C levels were associated with the incidence of VSA, 
whereas the incidence of VSA was not associated with serum 
creatinine levels (Figure 1). These results suggest that subtle 
decreases in eGFR, which can be detected by measurement of 
cystatin C but not creatinine, may be implicated in the inci-
dence of VSA. Although it has been reported that the concen-
tration of serum cystatin C is affected by thyroid function,12 
there was no difference in thyroid function between the pa-
tients with and without VSA in the present study (Table 1).

The relationship between mild renal dysfunction and in-
cidence of VSA may be explained by several cooperating 
mechanisms. Mild renal dysfunction has been shown to pro-
mote atherosclerosis and vascular damage by causing high 
blood pressure, dyslipidemia, vascular inflammation, and oxi-
dative stress.26–28 It has also been reported that dyslipidemia, 
current smoking, chronic low-grade inflammation, and oxi-
dative stress are involved in the pathogenesis of coronary 
vasospasm.21,29–31

Previous studies have demonstrated that endothelial dysfunc-
tion is involved in the pathogenesis of coronary spasm and that 
endothelial nitric oxide (NO) activity is reduced in spastic 
coronary arteries.32,33 Impaired release of endothelium-derived 
relaxing factor as a result of endothelial dysfunction has been 
demonstrated in atherosclerotic coronary arteries, suggesting 
that endothelial dysfunction plays a causal role in coronary 
spasm.32 A recent report indicated that renal dysfunction sup-
presses endothelial NO synthetase activity, and causes the 
development of atherothrombosis.34 These results suggest that 
renal dysfunction may be implicated in the incidence of coro-
nary vasospasm through endothelial dysfunction.

Recently it was reported that statins can suppress VSA by 
improving endothelial function, enhancing NO activity, and 
suppressing inflammation and Ca2+ sensitivity of coronary 
smooth muscle.35 There was no significant difference in use of 
statins between the patients with and without VSA in the pres-
ent study.

Although low-grade inflammation may play an impor-
tant role in pathogenesis of VSA,21 we did not find significant 
positive correlations between serum cystatin C and hs-CRP 
levels in patients with VSA. It remains unclear whether serum 
cystatin C directly influences inflammatory response. We did 
not evaluate the levels of other inflammatory cytokines in the 
present study group.

There was a small number of stage III CKD patients enrolled 
in the present study. Therefore, further studies including a large 
number of CKD patients are needed to investigate the relation-
ship between CKD stage, prevalence of proteinuria and inci-
dence of VSA.

In conclusion, elevated serum cystatin C levels were signifi-
cantly associated with the incidence of coronary spasm, sug-
gesting that even subtle renal dysfunction, which cannot be 
detected via serum creatinine levels, is associated with the 
incidence of VSA. Elevated cystatin C level may be a useful 
marker for the incidence of VSA.
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