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Abstract

Rho-associated kinases play an important role in a variety of cellular functions. Although Rho-
associated kinase activity has been shown to be an independent predictor for future cardiovascular
events in a general population, there is no information on Rho-associated kinase activity in
patients with acute coronary syndrome. We evaluated leukocyte Rho-associated kinase activity by
Western blot analysis in 73 patients with acute coronary syndrome and 73 age- and gender-
matched control subjects. Rho-associated kinase activity within 2 hours of acute coronary
syndrome onset was higher in patients with acute coronary syndrome than in the control subjects
(0.95+0.55 versus 0.69+0.31; £<0.001). Rho-associated kinase activity promptly increased from
0.95+0.55 to 1.11+0.81 after 3 hours and reached a peak of 1.21+0.76 after 1 day (~=0.03 and
P=0.03, respectively) and then gradually decreased to 0.83+0.52 after 7 days, 0.78+0.42 after 14
days, and 0.72+0.30 after 6 months (P=0.22, P=0.29, and P=0.12, respectively). During a median
follow-up period of 50.8 months, 31 first major cardiovascular events (death from cardiovascular
causes, myocardial infarction, ischemic stroke, and coronary revascularization) occurred. After
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adjustment for age, sex, cardiovascular risk factors, and concomitant treatment with statins,
increased Rho-associated kinase activity was associated with increasing risk of first major
cardiovascular events (hazard ratio, 4.56; 95% confidence interval, 1.98-11.34; A<0.001). These
findings suggest that Rho-associated kinase activity is dramatically changed after acute coronary
syndrome and that Rho-associated kinase activity could be a useful biomarker to predict
cardiovascular events in Japanese patients with acute coronary syndrome.
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Methods

Subjects

Rho-associated kinase (ROCK) is one of the first downstream targets of the small guanosine
triphosphate—binding protein RhoA and plays a pivotal role in the regulation of vascular
smooth muscle contraction, endothelial function, and a variety of cellular functions,
including cell proliferation, migration, adhesion, and apoptosis.1~/ ROCK has been shown to
contribute to atherosclerotic lesion formation, neointimal formation, vascular remodeling,
and cardiac hypertrophy in vivo.8-11 In addition, several lines of clinical evidence have
shown that activation of ROCK is associated with angina pectoris, vasospastic angina,
pulmonary hypertension, heart failure, stroke, and even smoking.12-18 We previously
showed that leukocyte ROCK activity substantially correlated with endothelial function and
Framingham risk scorel® and could predict future cardiovascular events in subjects with
cardiovascular risk factors, as well as in healthy subjects.2 ROCK may be intimately
involved in the pathogenesis of cardiovascular events.

Acute coronary syndrome (ACS) is well known as a critical disease among numerous
cardiovascular diseases that lead to fatal outcomes. Therefore, it is clinically important to
prevent fatal prognosis of cardiovascular complications in patients with ACS. It is postulated
that ACS is also associated with increased ROCK activity. Indeed, several investigators have
shown that ROCK is activated in experimental models of acute myocardial infarction (AMI),
that ROCK activity plays an important role in left ventricular function and remodeling after
AMI, and that inhibition of ROCK activity limits infarct size in these models.21-27

However, there is no information on ROCK activity under the condition of ACS, including
AMI, in humans. Therefore, we evaluated leukocyte ROCK activity in Japanese patients
with ACS within 2 hours of ACS onset and at 3 hours, 24 hours, 7 days, 14 days, and 6
months after ACS onset and the prognostic value of ROCK activity for future cardiovascular
events in patients with ACS.

Between August 2008 and January 2011, we enrolled a total of 73 patients with ACS (60
men and 13 women; mean age, 66+11 years) who were admitted to the Coronary Care Unit
of Hiroshima City Asa Hospital and 73 age- and gender-matched control subjects (59 men
and 14 women; mean age, 66+11 years) who underwent health screening examinations at
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Hiroshima University Hospital. ACS included AMI and unstable angina requiring
hospitalization, as previously defined.28 All patients underwent angiography to document
the responsible coronary lesions within 24 hours after the onset of chest pain. The definition
of hypertension was based on a self-reported diagnosis from a doctor or systolic blood
pressure of >140 mm Hg or diastolic blood pressure of >90 mm Hg, in a sitting position, on
at least 3 different occasions. Diabetes mellitus was defined according to the American
Diabetes Association.2? Dyslipidemia was defined according to the third report of the
National Cholesterol Education Program.30 We defined smokers as those who had ever
smoked. The ethical committees of our institutions approved the study protocol. Written
informed consent for participation in the study was obtained from all of the subjects.

ROCK Activity and Cardiovascular Events During the Follow-Up Period

ROCK activity was measured at the following time points: within 2 hours of ACS onset and
at 3 hours, 24 hours, 7 days, 14 days, and 6 months after ACS onset. Additional details are
available in the online-only Data Supplement.

Measurement of ROCK Activity

ROCK activity was assayed in peripheral blood leukocytes as the amount of phospho-
Thr853 in the myosin-binding subunit (MBS) of myosin light-chain phosphatase, because
MBS of myosin light-chain phosphatase is one of the downstream targets of ROCK. Blood
was collected at room temperature in heparinized tubes (20 U/mL). Additional details are
available in the online-only Data Supplement.

Statistical Analysis

Results

Results are presented as mean+SD for continuous variables and as percentages for
categorical variables. Statistical significance was set at a level of A<0.05. Comparison of
continuous variables between 2 groups was performed using the Mann—Whitney Utest or
the XZ test for categorical data. Changes of ROCK activity after ACS were analyzed by
ANOVA for repeated measures by the Bonferroni correction for multipaired comparisons.
The receiver operating characteristic (ROC) curve analyses were performed to assess the
sensitivity and specificity of measurement of ROCK activity for predicting first major
cardiovascular events. Time-to-event end point analyses were performed using the Kaplan—
Meier method. A log-rank test was used to compare survival in the groups. Multivariable
Cox proportional hazard regression analysis was performed to assess the association
between ROCK activity and cardiovascular events in addition to univariate analysis. The
data were processed using the software package Stata, version 9 (Stata Co, College Station,
TX).

ROCK Activity in Patients With ACS

The baseline clinical characteristics of control subjects and patients with ACS are
summarized in Table 1. ROCK activity within 2 hours of ACS onset was higher in patients
with ACS than in the control subjects (0.95+0.55 versus 0.69+0.31, A<0.001; Figure 1;
Figure S1A in the online-only data Supplement). ROCK activity promptly increased from
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0.95+0.55 to 1.11+0.81 after 3 hours and reached a peak of 1.21+0.76 after 1 day (~=0.03
and P=0.03, respectively) and then gradually decreased to 0.83+0.52 after 7 days, 0.78+0.42
after 14 days, and 0.72+0.30 after 6 months (P=0.22, P=0.29, and P=0.12, respectively). The
expression of total MBS was similar in the 2 groups and in all of the follow-up periods in
patients with ACS (Figure 2, Figure S1B).

Predictive Value of ROCK Activity for First Major Cardiovascular Events

During a median period of 50.8 months (interquartile range, 41.6-56.6 months) of follow-
up, 5 patients died (4 from cardiovascular causes), 4 patients had myocardial infarction, 29
had coronary revascularization, 3 had ischemic stroke, and 4 had been hospitalized for heart
failure (Table 2). As shown in Figure S2, maximum ROCK activity within 24 hours after
arrival at the hospital predicts first major cardiovascular events with an area under curve of
0.77. ROC curve analysis indicated that maximum ROCK activity for predicting first major
cardiovascular events was 1.05 (sensitivity of 87.1% and specificity of 59.6%).

We next performed ROC curve analysis to evaluate the prognostic value of maximum
creatine kinase (CK) and ejection fraction for future cardiovascular events. ROC curve
analysis indicated that maximum CK and ejection fraction predict cardiovascular events with
areas under the curve of 0.64 and 0.55, respectively (Figure S3).

ROCK Activity and Clinical Events

Because there is no standard value for ROCK activity, we divided into 2 groups based on
ROCK activity identified by the median value of 1.14. The low group had maximum ROCK
activity of <1.14, and the high group had maximum ROCK activity of >1.14. Clinical
characteristics of patients with ACS on the basis of maximum ROCK activity are
summarized in Table S1. Maximum CK was significantly higher in the high group than in
the low group. There was no significant difference in other parameters and medications,
culprit vessel, or percutaneous coronary intervention methods between the 2 groups. Time-
course graphs of the actual ROCK activity values in the low and high groups are presented
(Figure S4). In patients with high levels of ROCK activity, ROCK activity promptly
increased from 1.22+0.64 to 1.51+0.96 after 3 hours and reached a peak of 1.59+0.15 after 1
day (P=0.04 and P=0.057, respectively) and then gradually decreased to 0.99+0.13 after 7
days, 0.93+0.25 after 14 days, and 0.74+0.31 after 6 months (~=0.16, £=0.18, and ~=0.08,
respectively). In patients with low levels of ROCK activity, ROCK activity did not differ
between the time points (admission, 0.69+0.26; 3 hours, 0.71+0.29; 1 day, 0.74+0.05; 7
days, 0.70+0.07; 14 days, 0.58+0.14; and 6 months, 0.70£0.31). First major cardiovascular
events were significantly more frequent among patients with high levels of ROCK activity
than among those with low levels (P=0.001; Figure 3). There were significant differences
between the Kaplan—Meier curves for coronary revascularization (P=0.003; Figure S5), but
there were no significant differences between the Kaplan—-Meier curves for death from
cardiovascular disease (P=0.96), AMI (P=0.33), ischemic stroke (P=0.5), hospitalization for
heart failure (P=0.28), and death from any cause (~=0.69; Figure S5). The causes of death
included sudden death (n=1), AMI (n=1), ischemic stroke (n=1), heart failure (h=1), and
cancer (n=1; Table S2). In addition, patients were divided into 2 groups based on serum CK
levels identified by the median value of 1474 IU/L. The low group had a peak serum CK
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level of <1474 1U/L, and the high group had a peak serum CK level of 21474 IU/L. There
was no significant difference in parameters and medications, culprit vessel, or percutaneous
coronary intervention methods between the 2 groups (Table S3). There was also no
significant difference between the 2 groups in Kaplan—Meier curves for first major
cardiovascular events (P=0.26; Figure S6) or for death from cardiovascular disease, AMI,
ischemic stroke, coronary revascularization, hospitalization for heart failure, and death from
any cause (Figure S7).

After adjustment for age, sex, cardiovascular risk factors, and maximum creatine kinase
value, the associations between increasing levels of ROCK activity and increasing risk of
first major cardiovascular events (hazard ratio, 3.52; 95% confidence interval, 1.46-8.98;
P=0.005) and coronary revascularization (hazard ratio, 2.90; 95% confidence interval, 1.19—
7.43; P=0.02) remained significant (Table S4). After adjustment for age, sex, cardiovascular
risk factors, and concomitant treatment with stains, the associations between increasing
levels of ROCK activity and increasing risk of first major cardiovascular events (hazard
ratio, 4.56; 95% confidence interval, 1.98-11.34; P<0.001) and coronary revascularization
(hazard ratio, 3.79; 95% confidence interval, 1.63-9.49; P=0.002) remained significant
(Table S4).

We categorized ACS patients into 4 groups according to the median value of maximum
ROCK activity and the median value of the peak serum CK level after ACS onset. There
were significant differences between the Kaplan—Meier curves for first major cardiovascular
events (P=0.006; Figure 4). The rate of first major cardiovascular events for patients who
had ROCK activity of =1.14 and CK of 21474 or <1474 1U/L was significantly different
from the rate for patients who had ROCK activity of <1.14 and CK of >1474 or <1474 1U/L,
but there was no significant difference between the rates of first major cardiovascular events
for patients who had CK of 21474 IU/L and patients who had CK of <1474 IU/L (Figure 4).

We next categorized ACS patients into 2 groups based on ROCK activity evaluated them at 6
months after ACS onset by the median value of 0.70. The low group had ROCK activity of
<0.70, and the high group had ROCK activity of >0.70. Clinical characteristics of the
subjects on the basis of ROCK activity are summarized in Table S5. There was no
significant difference between the 2 groups in Kaplan—Meier curves for first major
cardiovascular events (Figure S8), death from cardiovascular disease, AMI, ischemic stroke,
coronary revascularization, hospitalization for heart failure, and death from any cause
(Figure S9).

Discussion

In this study, ROCK activity was dramatically changed after ACS. Leukocyte ROCK activity
reached a peak at ~1 day after ACS onset and gradually decreased for 2 weeks. We also
confirmed the prognostic impact of maximum ROCK activity during the initial 24 hours
after admission for first major cardiovascular events.

We found that the maximum ROCK activity is an independent predictor of first major
cardiovascular events in patients with ACS. It has been shown that inhibition of ROCK
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activity prevents the development and maintenance of cardiovascular damage in
experimental animal models.8:31:32 |nhibition of ROCK activity limits infarct size in
experimental AMI models through augmentation of Akt activation and nitric oxide synthesis
in the myocardium.21-23 |n this study, we found that ROCK activity differed between the
time points in the high ROCK group in contrast to the low ROCK group. These findings
suggest that elevation of ROCK activity after ACS onset may be associated with an
increased risk of subsequent cardiovascular disease. In addition, several investigators
including us confirmed that pharmacological therapy, such as administration of statins and
antihypertensive agents, decreased ROCK activity in patients with dyslipidemia and
essential hypertension.33:34 We have recently shown that cumulative cardiovascular risk
factors increase ROCK activity and that ROCK activity is an independent predictor of future
cardiovascular events in a general population.1920 These findings suggest that ROCK
activity may be a useful biomarker as a therapeutic target for future cardiovascular events
and that inhibition of the Rho/ROCK pathway may lead to reduction of cardiovascular
events in patients with ACS.

ROCK activity was significantly higher in patients with ACS than in controls within 2 hours
of ACS onset. Interestingly, ROCK activity promptly increased and reached a peak at 24
hours after admission and then gradually decreased for 2 weeks in patients with ACS.
Sanada et al?4 reported that ROCK activity in the myocardium of an experimental model of
ACS increased by ~3-fold after 60 minutes of ischemia. Hamid et al23 reported an ~2-fold
increase in ROCK activity in rat injured myocardium after 10 minutes of reperfusion. These
findings suggest that activation of ROCK occurs at a early stage of ACS. In addition, it has
been shown that inhibition of ROCK activity limits infarct size in experimental AMI
models.21-23 Therefore, it is expected that early administration of a ROCK inhibitor after
ACS onset will have a beneficial cardioprotective effect. Further investigation is needed to
determine the effects of acute and long-term administration of a ROCK inhibitor on left
ventricular function and remodeling and on clinical outcomes after ACS in a clinical setting.

The peak CK level after ACS onset is routinely measured as indices of the volume of
infarcted myocytes and the extent of myocardial necrosis. It is well known that increased
peak CK level is associated with an increased risk of subsequent mortality.3® It is expected
that the combination of ROCK activity and CK would be a better predictor of cardiovascular
events than ROCK activity alone and CK alone. However, in this study, measurement of
peak CK did not improve the predictive value of future cardiovascular events. We also found
that area under the curve value of the ROC curve for ROCK activity to predict future
cardiovascular events was higher than that for peak CK. Although ROCK activity has low
specificity for predicting first major cardiovascular events, it is likely that ROCK activity is
superior to peak CK for discrimination capacity of future cardiovascular events.

In this study, there was no association between ROCK activity measured at 6 months after
ACS onset and increasing risk of cardiovascular events. Although the precise mechanism
remains unclear, this might be because of the effects of medications. Indeed, several
investigators including us have reported that antihypertensive drugs and lipid-lowering drugs
could inhibit ROCK activity in patients with atherosclerosis.33:34 In addition, at 6 months
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after ACS onset, ROCK activity was decreased to levels of those in control subjects. These
findings suggest that ROCK activity is reversible in patients with ACS.

Several investigators have shown that inhibition of ROCK activity limits infarct size in
experimental AMI models.?1-23 It is thought that leukocyte ROCK activity also reflects
infarction size in patients with ACS. In this study, we found that peak CK was significantly
higher in the high maximum ROCK activity group than in the low maximum ROCK activity
group and that there was a significant correlation between ROCK activity and peak CK
(r=0.29; P=0.01). These findings suggest that leukocyte ROCK activity may be a biomarker
of myocardial infarct size during ACS.

Several investigators have shown that ROCK is activated in experimental models of ACS,
including AMI1.21-27 ROCK in peripheral leukocytes was also activated in patients with
ACS. ACS-induced ROCK activation would lead to left ventricular dysfunction and
remodeling after ACS. Indeed, several lines of evidence have shown that ROCKs play an
important role in cardiac hypertrophy and ventricular remodeling through modulation of
cardiac gene expression.36-41 It is postulated that several downstream mediators of ROCKs
contribute to the process of cardiomyocyte hypertrophy and ventricular remodeling. RhoA is
a downstream target of angiotensin 11, endothelin-1, and phenylephrine in the heart,32:42:43
These neurohumoral factors increase the expression of Rho family members, including
RhoA, Racl, and Cdc42.43 There is growing evidence that RhoA is also a key mediator of
cardiomyocyte hypertrophy and ventricular remodeling through activation of ROCKs,32:42:43
Rho and Ras play an important role in modulation of the expression of cardiac genes,
including B-myosin heavy chain and atrial natriuretic factor during hypertrophy and
remodeling, that are induced by signaling through Gq.36:4344 Yanazume et al*® recently
reported that the Rho/ROCK pathway is linked to downstream GATA4 through activation of
extracellular signal-related kinase 1/2 during myocardial cell hypertrophy and remodeling.
These findings suggest that the Rho/ROCK pathway, which is activated by several
neurohormonal factors such as angiotensin Il, endothelin-1, and phenylephrine, is involved
in left ventricular dysfunction and remodeling in response to expression of specific genes
and an increase in protein synthesis. These findings suggest that activation of the Rho/
ROCK pathway may contribute to cardiovascular events in patients with ACS.

First, the number of subjects in this study was relatively small. Recently, we reported that
leukocyte ROCK activity was associated with death from cardiovascular disease and stroke
in a general population.29 In this study, leukocyte ROCK activity was not associated with
death from cardiovascular disease and stroke. This discrepancy might be because of the
small sample size. However, we found that maximum ROCK activity in acute phase was an
independent predictor of first major cardiovascular events after adjustment of cardiovascular
risk factors. A more specific conclusion about the role of ROCK activity in cardiovascular
events in patients with ACS could be drawn by investigation using a larger number of
subjects.

Second, peak ROCK activity occurred at about 24 hours after ACS onset. However, we
cannot exclude the possibility that the actual peak occurred somewhere between 3 hours and
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1 day or between 1 day and 7 days. Measurement of more time points would indicate more
exactly when peak ROCK activity occurs. In addition, all of the patients underwent
angiography and subsequent primary percutaneous coronary intervention immediately after
admission. We cannot deny the possibility that percutaneous coronary intervention alters the
time-dependent changes in ROCK activity after ACS onset.

Third, all of the subjects were Japanese and were enrolled at a single center. These points
could limit the generalization of the conclusion.

Fourth, several investigators have previously measured leukocyte ROCK activity by Western
blot analysis.19:20.33,34.46-48 However, measurement of leukocyte ROCK activity by Western
method may vary between laboratories and evaluators. A more clinically relevant assay, such
as ELISA, to assess ROCK activity is required in clinical setting.

Finally, we selected measurement of leukocyte phospho MBS (p-MBS)/total MBS (t-MBS)
as a noninvasive method for assessing ROCK activity because peripheral leukocytes are able
to be simply and feasibly obtained. Measurement of p-MBS/t-MBS in myocardiocytes from
humans would enable more specific conclusions about the role of ROCK activity in ACS to
be drawn. Unfortunately, we cannot easily obtain these samples by myocardial biopsies
under the condition of ACS. Several lines of evidence have shown that measurement of
leukocyte p-MBS/t-MBS, as well as vascular response to the ROCK inhibitor fasudil, is
useful for assessing ROCK activity.#6-48 Therefore, we expect that measurement of
leukocyte p-MBS/t-MBS will become an index of myocardial ROCK activity.

Perspectives

Leukocyte ROCK activity is activated in patients with ACS. Leukocyte ROCK activity may
be a novel and useful biomarker for cardiovascular events after ACS. Inhibition of ROCK
activity, especially at the early phase of ACS, may prevent cardiovascular and
cardiomyocyte injury in patients with ACS.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Novelty and Significance
What |1s New?

Rho-associated kinase activity was dramatically changed after acute coronary syndrome.
Increased Rho-associated Kinase activity was associated with future cardiovascular events
in acute coronary syndrome.

What |1s Relevant?

Inhibition of leukocyte Rho-associated kinase activity may be a therapeutic target for
prevention of cardiovascular events in acute coronary syndrome.

Summary

Rho-associated kinase activity could be a useful biomarker to predict cardiovascular
events in patients with acute coronary syndrome.
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Control ACS

P <0.001

Control ACS

Rho-associated kinase activity in peripheral blood leukocytes from control patients and
patients with acute coronary syndrome (ACS). A, Western blot analysis for phospho myosin-
binding subunit (p-MBS), total myosin-binding subunit (t-MBS), and actin in peripheral
blood leukocytes. B, Rho-associated kinase activity (p-MBS/t-MBS) in control patients and

patients with ACS.
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Figure2.
Rho-associated kinase activity in peripheral blood leukocytes from patients with acute

coronary syndrome (ACS) within 2 hours of ACS onset (admission) and at 3 hours, 1 day, 7
days, 14 days, and 6 months after ACS onset. A, Western blot analysis for phospho myosin-
binding subunit (p-MBS), total myosin-binding subunit (t-MBS), and actin in peripheral
blood leukocytes within 2 hours of ACS onset (admission) and at 3 hours, 1 day, 7 days, 14
days, and 6 months after ACS onset. B, Rho-associated kinase activity (p-MBS/t-MBS) in
patients with ACS within 2 hours of ACS onset (admission) and at 3 hours, 1 day, 7 days, 14
days, and 6 months after ACS onset.
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Figure 3.
Kaplan—-Meier curves of cumulative event-free survival of first major cardiovascular events

(death from cardiovascular causes, myocardial infarction, ischemic stroke, and coronary
revascularization), according to the median value of maximum Rho-associated kinase
activity. Low indicates maximum Rho-associated kinase activity <1.14, and high indicates
maximum Rho-associated kinase activity =1.14.
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Figure 4.

Kaplan—Meier curves of cumulative event-free survival of first major cardiovascular events
(death from cardiovascular causes, myocardial infarction, stroke, and coronary
revascularization) in subgroups of subjects categorized as being above or below the median
values for maximum Rho-associated kinase (ROCK) activity and peak creatine kinase. Low
ROCK indicates maximum ROCK activity <1.14; high ROCK, maximum ROCK =1.14; low
CK, peak creatine kinase <1474 IU/L; and high CK, peak creatine kinase 21474 IU/L.
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Table 1

Clinical Characteristics of the Control Subjects and Patients with ACS

Variable Control Subjects, n=73 PatientsWith ACS, n=73 P Value
Age, y 66+11 6611 0.70
Sex, men/women 59/14 60/13 0.83
Body mass index, kg/m?2 23.8+4.1 23.9£3.1 0.93
Systolic blood pressure, mm Hg 133+21 144+28 0.007
Diastolic blood pressure, mm Hg 75£13 80+18 0.09
Heart rate, bpm 70+11 78+19 0.003
Medical history, n (%)
Hypertension 56 (76.7) 55 (75.3) 0.85
Dyslipidemia 50 (68.5) 52 (71.2) 0.72
Diabetes mellitus 30 (41.1) 29 (39.7) 0.87
Smoker 54 (74.0) 57 (78.1) 0.56
Laboratory determinations
Total cholesterol, mmol/L 5.17+1.06 5.35+1.06 0.23
Triglycerides, mmol/L 1.44+0.96 1.58+0.86 0.14
High-density lipoprotein cholesterol, mmol/L 1.44+0.41 1.32+0.36 0.12
Low-density lipoprotein cholesterol, mmol/L 3.10+0.88 3.47+0.88 0.02
Glucose, mmol/L 6.83+3.55 9.27£3.50 <0.001
Medications, n (%)
Antiplatelets 10 (13.7) 9(12.3) 0.81
Calcium-channel blockers 27 (37.0) 29 (39.7) 0.73
Renin—angiotensin system inhibitors 26 (35.6) 30 (41.1) 0.50
Statins 17 (23.3) 13 (17.8) 0.41
Medically treated diabetes mellitus
Any 12 (16.4) 17 (23.3) 0.30
Insulin dependent 2(2.7) 2(2.7) 1.0

All results are presented as means+SD. ACS indicates acute coronary syndrome.
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Table 2

Clinical Outcomes of Patients With Acute Coronary Syndrome on the Basis of Maximum Rho-Associated
Kinase Activity

Variable Low Group, n=37 High Group,n=36 P Value
First major cardiovascular event, n (%) 9(24.3) 22 (61.1) 0.001
Death from cardiovascular disease, n (%) 2 (5.4) 2 (5.6) 0.98
Acute myocardial infarction, n (%) 3(8.1) 1(2.8) 0.31
Ischemic stroke, n (%) 1(2.7) 2 (5.6) 0.54
Coronary revascularization, n (%) 9(24.3) 20 (55.6) 0.006
Hospitalization for heart failure, n (%) 1(2.7) 3(8.3) 0.28
Death from any cause, n (%) 3(8.1) 2 (5.6) 0.66

First major cardiovascular events include cardiovascular death, acute myocardial infarction, ischemic stroke, and coronary revascularization. Low
group indicates maximum Rho-associated kinase activity of <1.14, and high group indicates >1.14.
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