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Purpose: High sensitive C-reactive protein (hs CRP) is well known as a strong 
risk factor of cardiovascular disease (CVD). The aim of this study is to evaluate 
the impact of elevated hs CRP on coronary artery spasm (CAS) as assessed by in-
tracoronary acetylcholine (ACh) provocation test. Materials and Methods: A to-
tal of 1729 consecutive patients without significant CVD who underwent coronary 
angiography and intracoronary ACh test between November 2004 and August 
2010 were analyzed. The patients were divided into five groups according to quin-
tiles of hs CRP levels. Results: At baseline, the prevalence of elderly, hypertension, 
diabetes mellitus, current smoking, and lipid levels were higher in patients with 
higher hs CRP. During ACh test, the incidences of significant CAS, ischemic elec-
trocardiography (EKG) change, multivessel, and diffuse CAS were higher in pa-
tients with higher hs CRP. Multivariate analysis showed that the old age (OR=1.01, 
CI; 1.0-1.02, p=0.0226), myocardial bridge (OR=3.34, CI; 2.16-5.17, p<0.001), 
and highest quintile hs CRP (OR=1.54, CI; 1.12-2.18, p=0.008) were independent 
predictors of ACh induced CAS. However, there was no difference in clinical out-
comes up to 12 months. Conclusion: In conclusion, higher hs CRP was associated 
with higher incidence of CAS, worse angiographic characteristics and ischemic 
EKG change, but was not associated with clinical outcomes.
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INTRODUCTION

The mechanism of coronary artery spasm (CAS) is not yet precisely known. Howev-
er, endothelial dysfunction is known to be a major cause of CAS, and inflammations 
worsen the endothelial dysfunction. C-reactive protein (CRP) is a sensitive systemic 
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CAS was performed with intracoronary injection of ACh 
immediately after diagnostic angiography by either transra-
dial or transfemoral approach. ACh was injected with incre-
mental doses of 20 (A1), 50 (A2) and 100 (A3) µg/min into 
the left coronary artery over a 1 minute period with 5 min-
utes intervals to the maximum tolerated dose. Angiography 
was performed after each ACh dose until significant focal or 
diffuse narrowing more than 70% was visually achieved. If 
focal or diffuse significant vasoconstriction (>70%) of coro-
nary arteries was induced with any dose of ACh, the ACh 
infusion was stopped. Coronary artery diameters were mea-
sured using the proper quantitative coronary angiographic 
(QCA) system of the catheterization laboratory (FD-20, 
Phillips, Amsterdam, the Netherlands) before and after ad-
ministration of ACh. Reference vessel diameters were ana-
lyzed at the proximal and distal portions of each artery. The 
mean reference vessel diameter was used to assess the di-
ameter narrowing by QCA. During the coronary angiogra-
phy and ACh provocation test, significant CAS was defined 
as an abnormal significant constriction of an epicardial coro-
nary artery resulting in transient myocardial ishemia. Myo-
cardial bridge (MB) was defined with characteristic phasic 
systolic compression of the coronary artery on the angio-
gram. Multivessel spasm (MVS) was defined with signifi-
cant CAS of  ≥2 major epicardial coronary arteries. The pres-
ences of baseline spasm was defined with focal or diffuse 
narrowing more than 30% in diameter on the angiogram 
before the ACh provocation test. Diffuse CAS was defined 
with significant CAS site length ≥20 mm. 

Study definition
The study definition of this study was referenced with previ-
ous our studies.3,4 Hypertension was defined with elevation of 
blood pressure ≥140/90 mm Hg or current treatment of anti-
hypertensive drugs. Dyslipidemia was defined with a total 
cholesterol level ≥200 mg/dL or current treatment with lipid-
lowering drugs. Current smoking was defined with active 
smoking within the past 12 months. Diabetes mellitus was de-
fined with the fasting blood glucose level ≥126 mg/dL, or cur-
rent treatment with hypoglycemic drugs or insulin. Insignifi-
cant coronary artery disease (CAD) was defined with the 
≤20% diameter stenosis in coronary arteries documented by 
image studies including computed tomographic angiography, 
magnetic resonance angiography or invasive angiography.

Statistical analysis
All the statistical analyses were performed using SPSS 15.0 

inflammation marker, and especially high sensitivity CRP 
(hs CRP), even in the previously considered normal range, 
is known to be a predictor of cardiovascular events in appar-
ently healthy individuals.1 Furthermore, recent study shows 
that the patients with CAS had the elevated hs CRP level.2 
In the present study, we assessed the clinical and angio-
graphic characteristics with intracoronary acetylcholine 
(ACh) provocation test among the five patients groups ac-
cording to quintiles of hs CRP levels, and evaluated the im-
pact of elevated hs CRP level on the major cardiovascular 
clinical outcomes up to 12 months.  

MATERIALS AND METHODS
　　　

Study population
This study is a retrospective observational study. A total of 
5832 patients underwent coronary angiography from No-
vember 2004 to August 2010 in the Cardiovascular Center of 
the Korea University Guro Hospital. Among them, 2053 pa-
tients who had typical or atypical chest pain and had been di-
agnosed by coronary angiography with insignificant coro-
nary artery disease (CAD), underwent intracoronary ACh 
provocation test. The exclusion criteria of this study was ref-
erenced with previous our studies.3,4 We excluded the pa-
tients with one of the following conditions such as prior cor-
onary artery bypass graft, prior percutaneous coronary 
intervention, prior cerebrovascular disease, advanced heart 
failure (New York Heart Association class III or IV), or se-
rum creatinine ≥3 mg/dL. Finally, a total of 1727 patients 
were enrolled for the analysis. Study populations were divid-
ed into five groups according to quintiles of the hs CRP level: 
C1 (hs CRP: 0-0.31 mg/L), C2 (hs CRP: 0.31-0.53 mg/L), C3 
(hs CRP: 0.54-0.92 mg/L), C4 (hs CRP: 0.93-2.34 mg/L), and 
C5 (hs CRP: >2.34 mg/L). hs CRP samples were taken be-
fore angiography in every patient if there is no evidence of 
recent infection or inflammatory conditions. Clinical and an-
giographic characteristics during the ACh provocation test 
were compared among the five groups. 

Acetylcholine provocation test 
The method of acetylcholine provocation test in this study 
was referenced with previous our studies.3,4 Nitrates, calci-
um channel blockers (CCB), beta blockers (BB), angioten-
sion-converting enzyme inhibitors (ACEI) and other vasodi-
lators or vasoconstrictors was discontinued at least 72 hours 
before the coronary angiography. The provocation test of 



The Impact of hs CRP on Coronary Artery Spasm 

Yonsei Med J   http://www.eymj.org   Volume 54   Number 6   November 2013 1301

onary syndrome was 7.7% (158/2053), and the percentage 
of positive stress test was 6.0% (123/2053). The first investi-
gations for CAS were stress test such as treadmill and stress 
echocardiography or direct invasive coronary angiography.

To assess the association between hs CRP and ACh in-
duced CAS, the pts were divided into five groups according 
to quintiles of hs CRP levels: C1 (hs CRP: 0-0.31 mg/L), 
C2 (hs CRP: 0.31-0.53 mg/L), C3 (hs CRP: 0.54-0.92 mg/
L), C4 (hs CRP: 0.93-2.34 mg/L), and C5 (hs CRP: >2.34 
mg/L). The baseline clinical characteristics of patients are 
shown in Table 1. The prevalence of elderly, diabetes melli-
tus, hypertension, current smoking, and body mass index 
(BMI) were higher in patients with higher hs CRP. Platelet 
count, white blood cell count, creatinine, fasting glucose, 

(SPSS Inc., Chicago, IL, USA). For continuous variables, 
differences among the five groups were evaluated by ANO-
VA. For discrete variables, differences were expressed as 
counts and percentages, and analyzed with χ2 test among the 
five groups as appropriate. Multivariate logistic regression 
analysis, which included baseline confounding factors, was 
used for assessing the independent impact factors. A two-
tailed p-value of <0.05 was considered to be statistically sig-
nificant. Data were expressed as mean±standard deviations.

 

RESULTS
 

Among a total of 2053 patients, the proportion of acute cor-

Table 1. The Baseline Clinical Characteristics of Study Groups
Variables, n (%) C1 (n=347) C2 (n=351) C3 (n=334) C4 (n=346) C5 (n=349) p value
Baseline characteristics
    Age (yrs)   49.1±13.3   53.8±12.6   54.3±12.2   54.8±11.7   56.0±12.9 <0.001
    Gender (male) 134 (38.6)    173 (49.2) 160 (47.9) 178 (51.4) 172 (49.2) 0.006 
    Hypertension 108 (31.1) 130 (37) 114 (34.1) 167 (48.2) 166 (47.5) <0.001
    Diabetes 24 (6.9)   31 (8.8) 30 (8.9)   44 (12.7) 49 (14) 0.004 
    Dyslipidemia 34 (9.7)    58 (16.5)   50 (14.9)   50 (14.4) 49 (14) 0.279 
    Current smoking   60 (17.2)    75 (21.3)   73 (21.8)   89 (25.7)    95 (27.2)  <0.001
    Body mass index (kg/m2) 22.7±2.78 23.6±2.8 24.4±3.2 25.2±3.1 25.1±3.6 <0.001
Laboratory finding (mean±SD)
    Hemoglobin (g/dL) 13.3±1.4   14.4±14.0 13.8±1.6 13.9±1.5 13.5±1.5 0.275 
    Hematocrit (%)   40.4±21.3 39.9±5.2   42.1±24.5 40.7±5.8   41.9±27.6 0.499 
    Platelet count (×103/µL) 224.0±51.3 228.0±55.6 234.1±54.4 239.9±54.2 242.8±70.6 <0.001
    White blood cell count (×103/µL)   5.5±1.4   5.7±1.4   6.2±1.7   6.6±1.7   7.1±2.3 <0.001
    Creatinine   0.7±0.1   0.7±0.1   0.7±0.1   0.8±0.1   0.8±0.2 <0.001
    Total cholesterol (mg/dL) 171.7±34.7 179.2±37.7 182.1±36.2 185.3±39.5 182.4±34.5 <0.001
    Triglyceride (mg/dL) 104.4±74.2 124.1±84.5 137.2±93.9 149.2±96.3   147.5±117.1 <0.001
    Low density lipoprotein (mg/dL) 107.9±28.3 114.7±33.8 118.0±31.3 119.0±35.5 116.3±32.7 <0.001
    High density lipoprotein (mg/dL)   55.3±13.8   53.5±13.8   50.9±12.8   49.6±12.2   49.0±14.0 <0.001
    Fasting glucose   97.2±16.4 100.0±22.8 101.9±22.5 102.6±24.3 105.6±29.2 <0.001
    HbA1c   5.6±0.5   5.7±0.6   5.8±0.6   5.9±0.7   6.0±0.8 <0.001
    High sensitive C-reactive protein   0.2±0.0   0.4±0.0   0.6±0.1   1.4±0.3   10.1±16.0 <0.001
    Erythrocyte Sedimentation Rate 10.1±9.7   14.1±20.3   13.4±10.8   20.7±28.9   25.9±20.4 <0.001
    N-terminal probrain peptide   50.3±80.4     70.8±109.7   49.8±53.5     87.2±199.1     82.7±149.3 0.361 
Medication history 
    Aspirin 22 (6.3) 20 (5.6) 26 (7.7) 26 (7.5)      41 (11.7) 0.005
    Angiotensin converting enzyme 
     inhibitor   4 (1.1)   3 (0.8)   3 (0.8)   8 (2.3)   7 (2) 0.118

    Beta blocker 13 (3.7) 14 (3.9)   8 (2.3) 15 (4.3) 21 (6) 0.146
    Calcium channel blocker 27 (7.7) 26 (7.4) 21 (6.2)   35 (10.1)   35 (10) 0.124
    Nitrate   82 (23.6)   89 (25.3) 87 (26)   81 (23.4)      90 (25.7) 0.746
    Nicorandil   9 (2.5)   5 (1.4)   9 (2.6) 11 (3.1)    12 (3.4) 0.206
    Trimetazidine 14 (4)   7 (1.9)   8 (2.3) 10 (2.8)    17 (4.8) 0.388
    Lipid lowering agent   75 (21.6) 110 (31.3) 119 (35.6) 132 (38.1)    135 (38.6) <0.001

SD, standard deviation.
C1 (hs CRP: 0-0.31 mg/L), C2 (hs CRP: 0.31-0.53 mg/L), C3 (hs CRP: 0.54-0.92 mg/L), C4 (hs CRP: 0.93-2.34 mg/L), and C5 (hs CRP: >2.34 mg/L). 
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ble 2. NTG was infused after completion of the ACh provo-
cation not before ACh-test. The reference diameters were 
similar among the five quintiles of patients. However, after 
ACh infusion, diameter narrowing (%) by QCA significant-
ly increased in the pts with higher hs CRP. During the ACh 
test, the incidences of ischemic EKG changes were most 
frequently developed in patients with higher hs CRP. 

The overall rate of positive ACh provocation test which 
shows significant CAS was significantly higher in the pa-
tients with higher hs CRP. The results for response to the 
ACh doses and spasm extent are shown in Table 2, and the 
incidence of diffuse and multivessel spasm (MVS) was fre-
quently observed more in patients with higher hs CRP. Clini-
cal outcomes during twelve months are shown in Table 3. 
Total mortality was 0.17% (3/1729), and cardiac death out of 

and glycated hemoglobin (HbA1c) level were higher in pa-
tients with higher hs CRP. Lipid levels including total cho-
lesterol, triglyceride, and low density lipoprotein-cholester-
ol, and erythrocyte sedimentation rate, and N-terminal pro 
brain type natriuretic peptide were higher in patients with 
higher hs CRP. Before the ACh test, the prescription of BB, 
CCB, ACEI, nitrate, and lipid-lowering drugs were similar 
among the five quintiles of pts. However, aspirin was more 
frequently prescribed in patients with higher hs CRP. 

The clinical and angiographic parameters of the ACh 
provocation test are shown in Table 2. 

At baseline coronary angiogram before the ACh provo-
cation test, the incidences of baseline spasm were higher in 
patients with higher hs CRP. QCA was performed in five 
quintiles of patients, and the QCA results are shown in Ta-

Table 2.  The Clinical and Angiographic Parameters during ACh Provocation Test
Variables, n (%) C1 (n=347) C2 (n=351) C3 (n=334) C4 (n=346) C5 (n=349) p value
Provocation test outcomes
    Coronary artery vasospasm    169 (48.7) 212 (60.3)    197 (58.9) 201 (58)    216 (61.8) 0.004 
    Baseline vasospasm      76 (21.9)   73 (20.7)      70 (20.9)      60 (17.3)      66 (18.9) 0.165 
    Myocardial bridge      83 (23.9)   87 (24.7)    106 (31.7)      98 (28.3)      92 (26.3) 0.264 
Reference diameter after NTG  2.3±0.6 2.4±0.5 2.4±0.6 2.4±0.5 2.3±0.5 0.899 
Diameter narrowing after ACh (mm)  0.7±0.3 0.7±0.3 0.7±0.3 0.6±0.3 0.7±0.3 0.147 
Diameter narrowing after ACh (%) 68.0±14.1 70.2±13.6 70.1±12.3   72.8±12.61 70.7±13.8 0.015 
    QCA, <50%      9 (2.5) 16 (4.5)      8 (2.3)      6 (1.7) 14 (4) 0.998 
    QCA, 50-70%      85 (24.4)   83 (23.6)   97 (29)      74 (21.3)      88 (25.2) 0.914 
    QCA, >70%      75 (21.6) 113 (32.1)      92 (27.5)    121 (34.9)    114 (32.6) 0.001 
    Multivessel spasm      61 (17.5)   65 (18.5)   67 (20)      72 (20.8)      88 (25.2) 0.010 
    Diffuse long spasm (>30 mm)    137 (39.4) 169 (48.1) 157 (47)    163 (47.1)    183 (52.4) 0.003 
Acetylcholine dose
    ACh 20 (µg/min)    10 (2.8) 15 (4.2)      8 (2.3)    15 (4.3)      9 (2.5) 0.852 
    ACh 50 (µg/min)      54 (15.5)   69 (19.6)      66 (19.7)      72 (20.8)      74 (21.2) 0.064 
    ACh 100 (µg/min)    105 (30.2) 128 (36.4)    123 (36.8)    114 (32.9)    133 (38.1) 0.132 
Ischemic EKG change      8 (2.3)   6 (1.7)      5 (1.4)    18 (5.2) 28 (8) <0.001
    ST segment depression      4 (1.1)   3 (0.8)      4 (1.1)   7 (2)    13 (3.7) 0.005 
    ST segment elevation      3 (0.8)   2 (0.5)   0 (0)   7 (2)    10 (2.8) 0.004 
    T wave inversion      1 (0.2)   1 (0.2)      1 (0.2)      4 (1.1)      5 (1.4) 0.025 
Ischemic chest pain 153 (44) 149 (42.4)    151 (45.2)    164 (47.3)    150 (42.9) 0.747 

ACh, acetylcholine; QCA, quantitative coronary angiographic; EKG, electrocardiography; NTG, nitroglycerin.

Table 3. 12 Months Clinical Outcomes 
Variables, n (%) C1 (n=159) C2 (n=209) C3 (n=193) C4 (n=196) C5 (n=214) p value
Mortality 0 (0) 0 (0)    1 (0.5) 0 (0) 2 (0.9) 0.125 
   Cardiac death 0 (0) 0 (0)    1 (0.5) 0 (0) 1 (0.4) 0.361 
   Non cardiac death 0 (0) 0 (0) 0 (0) 0 (0) 1 (0.4) 0.173 
Myocardial infarction 0 (0) 0 (0) 0 (0) 0 (0) 1 (0.4) 0.173 
Revascularization    1 (0.6) 0 (0)    3 (1.5) 0 (0) 3 (1.4) 0.369 
Cerebrovascular accident 0 (0) 0 (0) 0 (0) 0 (0) 1 (0.4) 0.173 
Recurrent chest pain    4 (2.5)    2 (0.9)    9 (4.6)    5 (2.5) 6 (2.8) 0.530 
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two groups. Therefore, the patients with elevated hs CRP 
group would require more aggressive medical treatment 
with antianginal agents.

In the present study, the incidence of positive ACh provo-
cation test after ACh infusion was frequent more in the ele-
vated hs CRP group. Furthermore, mean % narrowing and 
minimal luminal diameter (mm) by QCA were more severe 
in the elevated hs CRP group, suggesting that these angio-
graphic characteristics may induce worse clinical symptoms 
and signs not only during the ACh test, but also their future 
clinical course.

In the present study, the elevated hs CRP group required 
more low to intermediate dose (20-50 µg/min) of ACh to 
induce significant CAS. These results suggest that the ele-
vated hs CRP group showed response more vulnerable to a 
lower dose of ACh stimuli and have a higher chance of hav-
ing significant CAS than normal hs CRP group in real world 
clinical practice even with less strong stimuli.  

In the present study, elevated hs CRP itself was an inde-
pendent predictor of ACh induced CAS, regardless of other 
coexisting factors. The mechanism of CAS is not yet clear-
ly known.6,7 However, endothelial dysfunction and inflam-
mation are known to be a major cause of CAS. Several pre-
vious studies have demonstrated the relationship between 
inflammation and CAS. In 1978, Lewis, et al.8 first reported 
a case of CAS associated with inflammation. Since Shimo-
kawa, et al. developed a swine model, and reported that 
CAS induced by chronically applying IL-β was related to 
elevated adhesion-molecule such as P-selectin.9 Hung, et 
al.2 prospectively investigated the effect of hs CRP, a sensi-
tive marker of inflammation, on CAS with 428 patients 
who had no significant coronary artery disease, and report-
ed that hs CRP level was an independent factor of CAS. 

them was 0.11% (2/1729) and non-cardiac death was 0.05% 
(1/1729). The incidence of percutaneous revascularization 
was 0.4% (7/1729) and cerebrovascular accident was 0.05% 
(1/1729).

The incidence of recurrent chest pain was 1.5% (26/1729). 
However, there was no difference among the five quintiles 
of patients. We evaluated independent predictors for ACh- 
induced CAS by adjusting possible baseline confounding 
factors such as age, gender, body mass index (BMI), hyper-
tension, diabetes mellitus, hyperlipidemia, current smoking, 
peripheral artery disease (PAD), and medication history in-
cluding aspirin, BB, CCB, cilostazol, ACEI, nitrate, lipid 
lowering agents, and presence of angiographic baseline 
spasm, and myocardial bridge. Multivariate analysis showed 
that C5 versus C1 (OR=1.5, p=0.0079, 95% CI=1.1-2.1) 
and MB (OR=3.3, p<0.001, 95% CI=2.1-5.1) were inde-
pendent predictors of ACh induced CAS. Other classical 
coronary risk factors including hypertension, current smok-
ing, diabetes mellitus, and hyperlipidemia were not inde-
pendent predictors of CAS (Table 4).

DISCUSSION

The main findings of the present study are that the elevated 
hs CRP was associated with higher incidence of ischemic 
EKG change during the ACh provocation test, significant 
CAS, diffuse and multivessel CAS, suggesting that inflam-
mation may trigger significant CAS. Therefore the patients 
with CAS documented by ACh test and concomitant elevat-
ed hs CRP would require more aggressive and intensive 
medical therapies including CCB, long acting nitrate and 
nicorandil in real world clinical practice. In the present study, 
MB was an independent predictor of ACh-induced CAS. We 
have reported that the patients with MB had a higher inci-
dence of ACh-induced CAS than those of control group 
(p<0.001), and these results led us to consider that longstand-
ing compression-relaxation stress of MB may cause endo-
thelial dysfunction of coronary arteries, which may increase 
the risk of CAS.5 CAS is primarily due to vascular smooth 
muscle hyper-reactivity with endothelial dysfunction play-
ing a major role, although inflammation is also believed to 
be important. 

During the ACh test, the elevated hs CRP group had high-
er incidence of ischemic EKG changes, compared with nor-
mal hs CRP group. However, the frequencies of antianginal 
agents such as CCB and nitrate were similar between the 

Table 4. Multivariable Logistic Analysis of the Predictors of 
ACh Induced CAS

Variables, n (%) Adjusted odds ratio 
(95% confidence interval) p value

Age 1.0 (1.0-1.0) 0.023 
Gender (male) 0.9 (0.6-1.4) 0.975 
Hypertension 0.7 (0.5-1.1) 0.197 
Diabetes 1.3 (0.7-2.3) 0.263 
Dyslipidemia 1.6 (0.9-2.7) 0.057 
Current smoking 1.4 (0.8-2.2) 0.139 
Current alcoholic 1.0 (0.6-1.5) 0.948 
Aspirin 1.7 (0.9-3.1) 0.081 
Myocardial bridge 3.3 (2.1-5.1) <0.001
C1 vs. C5 1.5 (1.1-2.1) 0.008

ACh, acetylcholine; CAS, coronary artery spasm.
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more intensive medical treatment as compared to control 
group. However, there were no difference in 12 months 
clinical outcomes among five groups. 
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Itoh, et al.10 reported that minor elevation of serum hs CRP 
values, even within the range previously considered nor-
mal, is also significantly associated with CAS. These re-
sults suggest that patients with elevated hs CRP have higher 
chance of having CAS than those of control group, suggest-
ing systemic involvement of endothelial dysfunction and 
subsequent early atherosclerosis. 

There are some limitations in this study. Routine ACh 
provocation test to the right coronary artery was not done 
due to safety issues by higher prevalence of advanced atrio-
ventricular (AV) block which needs temporary pacemaker 
for maintaining adequate ACh infusion rate and subsequent 
cost effectiveness for diagnosis and management of signifi-
cant CAS. Angiography was repeated after each ACh dose 
until significant focal or diffuse narrowing more than 70% 
was visually achieved. This means that calling a reaction 
“epicardial spasm” was quite subjective. On the other hand 
the offline QCA was performed correcting for the inevita-
ble subjectivity. The first investigations for CAS were an-
giogram or stress test such as treadmill and stress echocar-
diography. However, the definition of CAS in this study was 
based purely on coronary angiography, which is more rele-
vant for significant endothelial dysfunction and this may 
occur at the site of a muscle bridge without any clinical 
symptoms.

In conclusion, the present study showed that elevated hs 
CRP itself was an independent predictor of ACh induced 
CAS, regardless of other coexisting factors. Old age and the 
presence of myocardial bridge were also independent risk 
factors of ACh induced CAS. Elevated hs CRP was associ-
ated with more severe and vulnerable to lower dose of ACh 
provocation test than those of control group. The patients 
with elevated hs CRP had more frequent ischemic EKG 
changes than those of control group during ACh provoca-
tion test. Therefore, patients with elevated hs CRP who were 
diagnosed as CAS by ACh provocation test also would need 


