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hronobiological rhythms have been observed for many 
physiological parameters in humans, such as sleep–
wakefulness cycle, blood pressure, body temperature, 

metabolic activity and hormone levels.1 In the clinical setting, 
it is also widely known that there is a distinct circadian varia-
tion in the occurrence of cardiovascular events, such as myo-
cardial infarction, stroke and sudden cardiac death.2 Coronary 
artery spasm, which often occurs at rest from midnight to early 
morning, is one of the important functional abnormalities of 
the coronary artery and plays an important role in the patho-
genesis of various ischemic heart diseases and arrhythmic 
events.3,4 A significant circadian variation of ischemic attacks 
with a peak incidence from midnight to early morning is also 

one of the most important clinical features of vasospastic an-
gina (VSA).5 Although it has been proposed that circadian 
variation of ischemic episodes in VSA patients may be associ-
ated with alterations in autonomic nervous system6,7 and endo-
thelial function,8 the precise mechanisms remain to be fully 
elucidated.

Rho-kinase is an important molecular switch that controls 
contraction and relaxation of vascular smooth muscle cells 
(VSMC) independently of intracellular Ca2+ concentration.9 
Activated Rho-kinase enhances myosin light chain phosphory-
lation through inhibition of myosin-binding subunit (MBS) of 
myosin phosphatase, leading to hyperconstriction of VSMC.10,11 
We have previously demonstrated that the Rho-kinase pathway 
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Background:  Vasospastic angina (VSA) is known to exhibit circadian variation with an early morning peak. We 
examined whether Rho-kinase activity in circulating leukocytes, which is a useful biomarker for disease activity as-
sessment of VSA, exhibits circadian variation in patients with VSA.

Methods and Results:  In consecutive 31 VSA patients (M/F 23/8, 57±13 [SD] years) and 18 non-VSA patients (M/F 
8/10, 57±14 years), we measured Rho-kinase activity in circulating leukocytes at 6:00, 12:00 and 21:00. We also 
examined the relationship between the Rho-kinase activity and coronary vasomotor responses during provocation 
test. Rho-kinase activity was significantly higher in VSA patients than in non-VSA patients at 6:00 (1.17±0.17 vs. 
0.92±0.22, P<0.001), and showed a significant circadian variation with a peak at 6:00 (1.00±0.15 at 21:00, 1.17±0.17 
at 6:00 and 1.12±0.22 at 12:00, P<0.001) in VSA patients, whereas no such variation was noted in non-VSA patients. 
Importantly, Rho-kinase activity at spasm provocation test was significantly correlated with basal coronary tone 
defined by vasodilating responses to intracoronary nitrate (r=0.40, P<0.05) and coronary vasoconstricting respons-
es to acetylcholine (r=0.44, P<0.05) in VSA patients. Furthermore, their Rho-kinase activity at 6:00 was positively 
correlated with nocturnal parasympathetic activity as evaluated by heart rate variability in Holter monitoring (r=0.48, 
P<0.05).

Conclusions:  Rho-kinase activity exhibits distinct circadian variation associated with alterations in coronary vaso-
motor responses and autonomic activity in VSA patients.    (Circ J  2014; 78: 1183 – 1190)
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angiotensin-converting enzyme inhibitors, angiotensin recep-
tor blockers and statins were continued. After remaining in the 
supine position for at least 30 min, venous blood sampling with 
a heparinized tube was serially performed at 12:00, 21:00, 6:00 
and just before the provocation test in the morning. Following 
the in-hospital rule of wake-up and sleep times, we performed 
the earliest and latest blood sampling at 6:00 and 21:00, re-
spectively, not to disturb patients’ sleep and hence their auto-
nomic nervous system. We also measured Rho-kinase activity 
in the daytime just before lunch (at 12:00) to minimize the in-
fluence of feeding on the Rho-kinase activity. Circulating leu-
kocytes were isolated from venous blood samples as previously 
reported.15,17 To measure Rho-kinase activity, Western blot 
analysis was performed by an independent physician who was 
blinded to the clinical patient information as previously de-
scribed.15,17,18 NIH 3T3 cell lysates were used as a positive con-
trol and to standardize the results of Western blot analysis from 
several membranes. Finally, Rho-kinase activity was determined 
by the ratio of phosphorylated/total form of myosin-binding 
subunit (MBS), a Rho-kinase substrate.15,17,18 Our previous 
study showed that the interobserver and intraobserver repro-
ducibilities for the present Western blot analysis were 97% and 
98%, respectively.15 Serum levels of high-sensitivity C-reactive 
protein (hsCRP) were measured using a highly sensitive latex 
aggregation immunoassay with a biochemical analyzer and 
serum levels of noradrenaline were also measured by high-per-
formance liquid chromatography (SRL Laboratories, Tokyo, 
Japan).

Evaluation of Coronary Vasomotor Responses
To evaluate coronary vasomotor responses, quantitative cor-
onary angiography (QCA) with the validated densitometric 
analysis system (CAAS, Pie Medical Imaging, Maastricht, 
Netherlands) was performed by 2 independent observers who 
were blinded to the diagnosis of patients. Our previous studies 
showed that the present QCA analysis has a high intraobserver 
(99%) and interobserver reproducibility (98%).19 Coronary 
segment assessed by QCA included the middle portion of the 
left anterior descending coronary artery (LAD), corresponding 
to the segment 7 according to the American Heart Association 
guideline classification (Figure S1). In the present study, we 
assessed coronary vasodilating responses to intracoronary iso-
sorbide dinitrate (ISDN, 2 mg) from the baseline diameter as an 
index of basal coronary tone20 and  percent change in luminal 
diameter to intracoronary ACh (20 μg) compared with that after 
intracoronary ISDN as an index of coronary vasoconstricting 
response.19

Heart Rate Variability Analysis
Two-channel 24-hour ambulatory ECG recording (SCM-6000, 
Fukuda Denshi Co Ltd, Tokyo, Japan) was performed to eval-
uate heart rate variability (HRV) in 37 patients during hospi-
talization. We excluded 6 patients with atrial fibrillation or ex-
trasytoles >1,000 beats/day, and the remaining 31 patients (19 
VSA patients and 12 non-VSA patients) were finally evaluated. 
All recordings were analyzed by 2 independent observers who 
were blinded to the diagnosis of patients. Traditional parameters 
of HRV were analyzed with the MemCalc system (MemCalc/
Chiram3, Suwa Trust, Tokyo, Japan), according to the Task 
Force of the European Society of Cardiology and the North 
American Society of Pacing and Electrophysiology.21 Time do-
main analysis of HRV included the mean duration of all normal-
to-normal (NN) intervals (mean RR), standard deviation of all 
NN intervals (SDNN). Spectral analysis was performed with 
the maximum entropy method.21 Two frequency bands of in-

plays a central role in the molecular mechanism of coronary 
artery spasm.12–14 Furthermore, we have recently demonstrated 
that Rho-kinase activity in circulating leukocytes is a useful 
biomarker for the diagnosis and disease activity assessment of 
VSA.15,16 However, it is unclear whether Rho-kinase activity 
in circulating leukocytes has a circadian variation in VSA 
patients.

In the present study, we thus examined whether Rho-kinase 
activity in circulating leukocytes has a circadian variation in 
VSA patients and if so, whether such circadian variation in 
Rho-kinase activity is associated with alterations in coronary 
vasomotor responses and autonomic nervous activity.

Methods
The protocol of the present study was approved by the Ethical 
Committees of Tohoku University (No. 2008-470) and all pa-
tients provided written informed consent before study entry.

Study Population and Spasm Provocation Test
From December 2011 to June 2013, a total of 506 patients un-
derwent diagnostic cardiac catheterization for evaluation of chest 
pain and/or electrocardiogram (ECG) abnormalities at Tohoku 
University Hospital. Of those, 153 patients had no significant 
coronary stenosis (luminal narrowing >75%) on control angiog-
raphy of the major coronary arteries, and underwent acetylcho-
line (ACh) provocation test for coronary artery spasm. All the 
provocation tests were performed in the morning (9:00 to 12:00 
noon). Patients with acute coronary syndrome, acute/chronic 
heart failure, cardiomyopathy, myocarditis, chronic renal failure, 
collagen disease and the history of coronary stent implantation 
were excluded from this study. We also excluded the patients 
who needed continuous intravenous coronary vasodilators or 
those with medical treatments including calcium channel block-
ers before the cardiac catheterization due to the instability of 
angina. Finally, we enrolled 49 patients and divided them into 
2 groups depending on their response to ACh provocation test: 
the VSA group (n=31) and the non-VSA group (n=18). The 
positive provocation test was defined as >90% coronary vaso-
constriction in response to ACh.5 Prior to the provocation test, 
the information on the circadian variation of angina attacks was 
obtained from all patients. ACh provocation test was performed 
as reported previously.15 Briefly, ACh was administered into the 
coronary artery in an incremental manner (20, 50 and 100 μg) 
with careful monitoring of arterial pressure and 12-lead ECG 
and serial coronary angiograms at 1-min intervals. To determine 
whether multivessel spasm could develop, we routinely per-
formed ACh provocation test for the left coronary artery (LCA) 
first, where we administered incremental doses of ACh (20, 50 
and 100 µg) into the LCA. If the test for the LCA was negative 
or the ACh-induced spasm in the LCA resolved spontaneously, 
we then administered ACh into the right coronary artery (RCA) 
in a step-wise manner (20 and 50 µg). When coronary spasm 
associated with anginal pain and/or ischemic ECG change was 
demonstrated, isosorbide dinitrate (ISDN, 2 mg) was injected 
into the vessel with the spasm. The diagnosis of VSA was made 
based on the “Guidelines for Diagnosis and Treatment of Pa-
tients With Vasospastic Angina” of the Japanese Circulation 
Society.5 

Blood Sampling and Measurement of Rho-Kinase Activity 
in Circulating Leukocytes
All vasodilator drugs, including long-acting nitrates and calci-
um channel blockers except for sublingual nitroglycerin, were 
discontinued at least 24 h before the blood sampling, whereas 
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terest were considered; low frequency (LF, 0.04–0.15 Hz) that 
reflects modulation of sympathetic or parasympathetic tone and 
high frequency (HF, 0.15–0.40 Hz) that reflects modulation of 
vagal tone. LF/HF ratio was used as an index of sympathovagal 
balance.21 

Statistical Analysis
Continuous variables are expressed as mean ± standard devia-
tion (SD) and categorical variables as percentages. Unpaired 
student t test for normal distribution and Mann-Whitney U tests 
for asymmetric distribution were used to analyze differences in 
continuous variables. Chi-square test or Fisher’s exact test were 
used for categorical variables. Comparison of Rho-kinase activ-
ity at 3 time points was performed with one-way analysis of 
variance (ANOVA) with repeated measures followed by Tukey 
test. Furthermore, to compare the circadian variation of Rho-
kinase activity between the 2 groups, two-way ANOVA with 
repeated measures was used. Relations between variables were 
determined by Pearson or Spearman coefficient analysis depend-
ing on the distribution. P values <0.05 were considered to be 

Table 1.  Baseline Patients Characteristics

Variables Non-VSA  
(n=18)

VSA  
(n=31) P-value

Age (years)   57±14   57±13 0.97

Male/Female 8/10 23/8 0.04

BMI (kg/m2) 23.6±3.8 24.3±2.8 0.48

HT 10 (56) 16 (52) 0.79

DM   4 (22)   5 (16) 0.43

Dyslipidemia   6 (33) 18 (58) 0.10

Current smoking   5 (28) 13 (42) 0.32

�Number of coronary risk 
factors

  1.4±1.0   1.7±1.2 0.49

LVEF (%) 71.5±4.4 70.7±6.8 0.64

Statin use   4 (22) 15 (48) 0.07

β-blocker use 1 (6)   3 (10) 0.53

Results are expressed as mean ± SD or n (%).
BMI, body mass index; DM, diabetes mellitus; HT, hypertension; 
LVEF, left ventricular ejection fraction; VSA, vasospastic angina.

Figure 1.    Circadian variation of spontaneous attacks and Rho-kinase activity in circulating leukocytes. (A) Circadian variation of 
spontaneous attacks in all subjects. (B) Diurnal fluctuation of Rho-kinase activity in circulating leukocytes. Results are expressed 
as mean ± standard deviation. (C,D) Individual circadian variation of Rho-kinase activity in non-VSA patients (C) and VSA patients 
(D). *P<0.001 for the differences in Rho-kinase activity between the non-VSA and the VSA groups. VSA, vasospastic angina. MBS, 
myosin-binding subunit; p-/t-, phosphorylated/total form.
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both groups. The prevalence of statin use tended to be higher 
in VSA patients than in non-VSA patients. 

Circadian Variation of Rho-Kinase Activity
Distribution of onset times of spontaneous angina attacks, which 
varied significantly between VSA patients and non-VSA pa-
tients (P<0.05 by Fisher’s exact test), is shown in Figure 1A. 
Spontaneous attacks occurred most frequently from midnight 
to morning in VSA patients, whereas the frequency of attacks 
was the highest during the day in non-VSA patients. Rho-kinase 
activity in circulating leukocytes was significantly higher in 
VSA patients than in non-VSA patients at 6:00 (non-VSA 
0.92±0.22 vs. VSA 1.17±0.17, P<0.001; Figure 1B). It also 
showed a significant circadian variation with a peak at 6:00 
(1.00±0.15 at 21:00, 1.17±0.17 at 6:00, and 1.12±0.22 at 12:00, 
P<0.001) in VSA patients, whereas no such variation was noted 
in non-VSA patients (0.96±0.20 at 21:00, 0.92±0.22 at 6:00, 
and 1.03±0.26 at 12:00, P=0.07; Figure 1C,D). Moreover, the 
circadian fluctuation in Rho-kinase activity was significantly 
different between the 2 groups (P<0.01; Figure 1B). Since the 
prevalence of female patients was significantly higher in the 

statistically significant. The statistical analysis was performed 
with SPSS statistics 21 (IBM Corp, Armonk, NY, USA).

Results
Baseline Clinical Characteristics of Patients
In the VSA group (n=31), coronary spasm was induced at 
63±36 μg ACh in the LAD (n=29), left circumflex coronary 
artery (LCX, n=13) and RCA (n=3), including 14 patients with 
multivessel spasm. Since ISDN administration was needed to 
resolve LCA spasm in 28 VSA patients, the provocation test 
for RCA was finally performed in the remaining 3 patients. All 
the 13 patients with LCX spasm showed multivessel spasm 
(LAD+LCX spasms). Also, the type of coronary spasm to ACh 
was determined as focal (n=4), diffuse (n=21), and both mixed 
type (n=6). Baseline clinical characteristics of the patients are 
shown in Table 1. The prevalence of female patients was sig-
nificantly higher in the non-VSA group than in the VSA group. 
The mean number of coronary risk factors was comparable 
between the 2 groups (non-VSA 1.4±1.0 vs. VSA 1.7±1.2) and 
mean left ventricular ejection fraction was well-preserved in 

Figure 2.    Relationship between Rho-kinase activity in circulating leukocytes and basal coronary tone or coronary vasoconstricting 
responses. (A,B) Correlations between basal coronary tone and Rho-kinase activity in circulating leukocytes of non-VSA (A) and 
VSA patients (B). (C,D) Correlations between coronary vasoconstricting responses to ACh and Rho-kinase activity in circulating 
leukocytes of non-VSA (C) and VSA patients (D). ACh, acetylcholine; MBS, myosin-binding subunit; p-/t-, phosphorylated/total 
form; VSA, vasospastic angina. 
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non-VSA group, we performed additional analyses for gender. 
In both the VSA and non-VSA groups, there was no signifi-
cant difference in the circadian fluctuation of Rho-kinase ac-
tivity between male and female patients (non-VSA group, 
P=0.09; VSA group, P=0.53; Figure S2).

There were no significant circadian fluctuations in serum 
hsCRP or noradrenaline levels between the 2 groups (Table 2). 
Furthermore, in VSA patients, serum levels of both hsCRP 
and noradrenaline showed no significant correlation with Rho-
kinase activity in circulating leukocytes at each sampling time 
(Figure S3).

Correlation Between Rho-Kinase Activity and Coronary  
Vasomotor Responses
QCA findings of the middle segment of LAD during the spasm 
provocation test are shown in Table 3. Although coronary di-
ameters at baseline and those after intracoronary ISDN were 
comparable between the 2 groups, basal coronary tone tended to 
be greater in VSA patients than in non-VSA patients. According 
to the definition, coronary vasoconstricting responses to ACh 
were significantly larger in VSA patients than in non-VSA pa-
tients. Rho-kinase activity in circulating leukocytes at spasm 
provocation test was significantly higher in VSA patients than 
in non-VSA patients (non-VSA 0.98±0.24 vs. VSA 1.19±0.13, 
P<0.001). Individual angiographical findings and Rho-kinase 
activity at ACh provocation test are summarized in Table S1. 
There was no significant difference in Rho-kinase activity be-
tween VSA patients with 1-vessel spasm and those with multi-
vessel spasm (1.15±0.13 vs. 1.22±0.14, P=0.13). Also, we found 
no difference in Rho-kinase activity in terms of the spasm con-
figurations (diffuse spasm 1.16±0.14 vs. focal spasm 1.22±0.14 
vs. mixed spasm 1.23±0.15, P=0.52). Correlations between Rho-
kinase activity in circulating leukocytes and basal coronary tone 
and vasoconstricting responses to ACh are shown in Figure 2. 
In non-VSA patients, no significant correlation was noted be-

Table 2.  Hemodynamic and Laboratory Data

Non-VSA (n=18) VSA (n=31)

21:00 6:00 12:00 21:00 6:00 12:00

Heart rate (beats/min) 76.7±11.6 70.4±9.1　　 　78.9±12.8* 　72.6±10.3† 66.8±10.5 69.8±10.5

Mean blood pressure (mmHg) 90.1±11.5 90.6±11.6 88.9±10.4 88.3±11.4 90.3±11.3 88.4±13.6

Rho-kinase activity in circulating 
leukocytes (p-MBS/t-MBS)

0.96±0.20 0.92±0.22 1.03±0.26 　　1.00±0.15†‡ 1.17±0.17 1.12±0.22

hsCRP (mg/dl) 0.056  
(0.021–0.290)

0.053  
(0.019–0.325)

0.064  
(0.021–0.316)

0.034  
(0.019–0.068)

0.051  
(0.020–0.079)

0.043  
(0.019–0.075)

Noradrenaline (pg/ml) 163.0  
(126.0–325.8)

181.0  
(113.0–328.5)

293.5  
(162.5–388.8)

179.5  
(131.5–317.3)

203.0  
(140.0–277.5)

218.0  
(166.5–415.0)

Results are expressed as mean±SD or median (25th–75th percentile). *P<0.05 vs. early morning (6:00) in non-VSA patients; †P<0.01 vs. early 
morning (6:00) in VSA patients; ‡P<0.05 vs. noon (12:00) in VSA patients.
hsCRP, high-sensitivity C-reactive protein; MBS, myosin-binding subunit; p-/t-, phosphorylated/total form. Other abbreviation as in Table 1.

Table 3.  Angiographical Findings

Variables Non-VSA (n=18) VSA (n=31) P-value

Baseline diameter 2.7±0.5 2.5±0.7 0.23　　
Diameter after ACh 20 µg administration (mm) 2.7±0.5 2.2±0.7 0.01　　
Diameter after ISDN 2 mg administration (mm) 3.1±0.7 2.9±0.6 0.43　　
Basal coronary tone (%) 14.3±15.1 21.7±17.8 0.15　　
Coronary vasoconstricting response (%) 12.3±12.0 26.0±15.3 0.002

Results are expressed as mean ± SD.
ACh, acetylcholine; ISDN, isosorbide dinitrate. Other abbreviation as in Table 1.

Table 4.  Parameters of Heart Rate Variability

Variables Non-VSA  
(n=12)

VSA  
(n=19) P-value

Time domain

    Mean RR (ms) 832.3±129.8 825.6±103.5 0.87

    SDNN (ms) 118.7±31.9　　 116.0±23.5　　 0.68

Frequency domain

    Ln (LF) (ms2)

        All day 5.5±1.1 5.7±0.9 0.60

        16:00–24:00 5.4±1.1 5.5±0.7 0.76

        24:00–08:00 5.6±1.2 5.8±0.9 0.66

        08:00–16:00 5.3±1.0 5.5±1.0 0.53

    Ln (HF) (ms2)

        All day 4.8±1.1 4.9±0.9 0.69

        16:00–24:00 4.4±1.0 4.4±0.9 0.87

        24:00–08:00 4.7±1.1 4.8±0.9 0.75

        08:00–16:00 4.1±1.0 4.2±1.1 0.82

    LF/HF

        All day 3.8±2.2 3.9±2.2 0.94

        16:00–24:00 4.4±2.1 3.9±1.8 0.56

        24:00–08:00 4.0±2.1 3.7±2.1 0.66

        08:00–16:00 4.6±2.0 4.8±2.8 0.76

Results are expressed as mean ± SD. LF and HF powers are 
expressed in natural logarithmic units.
HF, high-frequency power (0.15–0.40 Hz); LF, low-frequency 
power (0.04–0.15 Hz); mean RR, mean duration of all normal-to-
normal intervals; SDNN, standard deviation of all normal-to-
normal intervals. Other abbreviation as in Table 1.
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Figure 3.    Relationship between Rho-kinase activity in circulating leukocytes and cardiac autonomic activity. (A,B) Correlations 
between Rho-kinase activity in circulating leukocytes and parasympathetic nervous activity of non-VSA (A) and VSA patients (B). 
(C,D) Correlations between Rho-kinase activity in circulating leukocytes and sympathetic nervous activity of non-VSA (C) and VSA 
patients (D). HF, high frequency; LF, low frequency; MBS, myosin-binding subunit; p-/t-, phosphorylated/total form; VSA, vaso-
spastic angina.
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in the pathogenesis of VSA and that hsCRP is useful for dis-
ease activity assessment of VSA. However, in the present study, 
we found no circadian variation of hsCRP levels in VSA pa-
tients and no correlation between serum levels of hsCRP and 
basal coronary tone or vasomotor responses to ACh. These 
findings are consistent with the previous report that CRP lev-
els showed no circadian or seasonal variations.25 Thus, Rho-
kinase activity in circulating leukocytes may be a more sensitive 
and reliable biomarker for disease activity assessment of VSA 
than hsCRP.

The circadian variation in the onset of myocardial infarction, 
sudden death and stroke has also attracted attention.2,26 The cir-
cadian patterns of these cardiovascular diseases are also char-
acterized by a morning peak as in the case of VSA. Since Rho-
kinase pathway plays an important role in the pathogenesis of 
not only VSA but also other cardiovascular diseases,27–29 the 
morning increase in Rho-kinase activity may be involved in the 
circadian variation of the onset of those cardiovascular diseases.

Possible Mechanisms of Circadian Variation of Rho-Kinase 
Activity in VSA Patients
Autonomic dysfunction has been proposed as one of the most 
important mechanisms of circadian variation of VSA.7,22 How-
ever, the relationship between autonomic nervous system and 
VSA, seems to be complex and even controversial. Previous 
studies reported that coronary spasm was induced by a sympa-
thetic activity surge by way of α-adrenergic stimulation in the 
early morning.6,22 However, in the present study, we found no 
apparent circadian variation in plasma noradrenaline levels and 
no correlation between the noradrenaline levels and Rho-kinase 
activity or coronary vasomotor responses in VSA patients. These 
results suggest that activation of sympathetic nervous system 
per se is less likely to be involved in the circadian variation of 
VSA. In contrast, parasympathetic nervous system is likely to 
be involved as coronary spasm often occurs at rest, particu-
larly from midnight to early morning, when parasympathetic 
nervous activity increases.22 Furthermore, intracoronary admin-
istration of ACh, which is a neurotransmitter of parasympa-
thetic nerve endings, induces coronary spasm in VSA patients 
with a high specificity.30,31 Analyses using MIBG scintigraphy 
also reported that enhanced cardiac parasympathetic nervous 
activity was an important factor for the induction of coronary 
spasm and could predict future cardiac events in VSA patients.32 
In the present study, although the HRV parameters were com-
parable between VSA and non-VSA patients, Rho-kinase ac-
tivity of VSA patients in the early morning was significantly 
correlated with parasympathetic nervous activity in the mid-
night to early morning. Thus, it is conceivable that enhanced 
Rho-kinase activity of VSA patients in the early morning may 
be determined, at least in part, by nocturnal parasympathetic 
nervous activity with resultant increases in basal coronary tone 
and coronary vasoconstriction response.

Study Limitations
Several limitations should be mentioned for the present study. 
First, the present study was a single-center, exploratory study 
with a relatively small number of patients. Second, Holter ECG 
recording and blood sampling were not always performed on 
the same day. However, in order to adjust the surrounding en-
vironments with blood sampling, Holter ECG recording was 
performed during hospitalization. Third, we were unable to 
perform ACh provocation test for RCA in all patients with VSA. 
Thus, RCA spasm and multivessel spasm involving RCA may 
have been underestimated in the present study. Fourth, we did 
not follow the time-course of the diurnal pattern of Rho-kinase 

tween Rho-kinase activity and basal coronary tone or vasocon-
stricting response to ACh (Figure 2A,C). In contrast, in VSA 
patients, we found a positive correlation between Rho-kinase 
activity and basal coronary tone (r=0.40, P<0.05; Figure 2B) 
and between Rho-kinase activity and vasoconstricting response 
to ACh (r=0.44, P<0.05; Figure 2D). Serum hsCRP levels again 
showed no significant correlation with basal coronary tone or 
vasoconstricting response in all patients (Figure S4).

Correlation Between Rho-Kinase Activity and Autonomic 
Nervous Activity
There was no difference in the baseline HRV parameters be-
tween the 2 groups (Table 4). In non-VSA patients, Rho-
kinase activity at every sampling time was not correlated with 
parasympathetic (Figure 3A) or sympathetic nervous activity 
(Figure 3C). In contrast, in VSA patients, Rho-kinase activity 
at 6:00 was positively correlated with parasympathetic nervous 
activity from midnight to early morning (Figure 3B) and was 
negatively correlated with sympathetic activity (Figure 3D).

Discussion
The major findings of the present study were that (a) there was 
a significant circadian variation of Rho-kinase activity in cir-
culating leukocytes with a peak at 6:00 of VSA patients, (b) 
Rho-kinase activity at ACh provocation test in the morning was 
associated with basal coronary tone and coronary vasoconstrict-
ing response to ACh of VSA patients, and (c) Rho-kinase activ-
ity at 6:00 of VSA patients was positively correlated with car-
diac parasympathetic nervous activity from midnight to early 
morning. To the best of our knowledge, this is the first study to 
identify circadian variation of Rho-kinase activity of VSA pa-
tients, associated with alterations in coronary vasomotor re-
sponses and autonomic nervous activities. 

Circadian Variation of Rho-Kinase Activity of VSA Patients
A circadian variation of symptoms from midnight to early morn-
ing is of value as a clue in the diagnosis of VSA.5 As first dem-
onstrated by Yasue et al, disease activity of VSA as determined 
by basal coronary tone and hypersensitivity to constrictive stim-
uli markedly varies throughout the day.22 Although autonomic 
nervous system6,7 and endothelial function8 have previously been 
reported to be associated with a circadian variation of VSA 
attacks, it still remains unclear whether those factors could be 
directly involved in the elevated basal coronary tone or enhanced 
vasomotor responses in VSA patients. We have recently dem-
onstrated that Rho-kinase activity in circulating leukocytes is 
a useful biomarker for diagnosis and disease activity assesment 
of VSA.15,16 In the present study, we were able to demonstrate 
that Rho-kinase activity in circulating leukocytes of VSA pa-
tients exhibited a significant circadian variation with a peak 
noted in the early morning, when their spontaneous angina at-
tacks occurred most frequently. In contrast, no such circadian 
variation of Rho-kinase activity was noted in non-VSA patients. 
Importantly, Rho-kinase activity in circulating leukocytes at 
spasm provocation test in the morning was positively correlated 
with basal coronary tone and vasoconstricting responses to ACh 
in VSA patients. These results indicate that Rho-kinase activity 
in circulating leukocytes is a useful biomarker of VSA and may 
be involved in the circadian variation of the disorder. 

It was previously reported that serum levels of hsCRP were 
elevated in VSA patients than in non-VSA patients,23 and that 
6-month treatment with a statin significantly reduced the dis-
ease activity of VSA along with the decrease in hsCRP levels.24 
These results suggest that low-grade inflammation is involved 
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activity in VSA patients after initiation of medical treatment 
with calcium channel blockers.15

Conclusions
The present study provides the first evidence that there is a 
distinct circadian variation of Rho-kinase activity in circulat-
ing leukocytes of VSA patients associated with alterations in 
coronary vasomotor responses and parasympathetic nervous 
activity, suggesting that Rho-kinase activity plays an impor-
tant role in the circadian variation of coronary spasm.
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