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Objectives
(statin) suppresses coronary spasm.

Background C ary spasm |s
function.

The purpose of this study was to determine whether a 3-hydroxy-3-methylglutaryl coenzyme A reductase inhibitor

ted with endothelial dysfunction. Statins have been shown to improve endothelial

Methods This was a prospective, randomized, open-label, end point study. Sixty-four patients who had no significant or-
ganic coronary stenosis and in whom coronary spasm was Induced by intracoronary injection of acetylcholine
(ACh) were randomly assigned to fluvastatin 30 mg/day plus the conventional calcium-channel blocker (CCB)
therapy (31 patients, statin group) or the c ional CCB therapy (33 patients, nonstatin group). After 6

months of treatment, the intracoronary injection of ACh was repeated and the coronary spasm was assessed.

Results Coronary spasm was suppressed in 16 of the 31 patients (51.5%, p < 0.0001) of the statin group and in 7 of
the 33 patients (21.2%, p = 0.0110) of the nonstatin group after 6 months of treatment. Thus, the number of
p with ACh-ind

nonstatin group (51.6% vs. 21.2%, p = 0.0231) after 6 months of treatment.

ed coronary spasm was significantly reduced In the statin group as compared with the

Conclusions The addition of fluvastatin 30 mg/day to the conventional CCB therapy for 6 months significantly reduced the
number of patients with ACh-induced coronary spasm as pared with the ¢ lonal CCB therapy. Thus, a
statin (fluvastatin) may possibly be a novel therapeutic drug for coronary spasm. (J Am Coll Cardiol 2008;51:

1742-8) @ 2008 by the American College of Cardiology Foundation

It is established that coronary spasm plays an important role
not only in the pathogenesis of variant angina but also in
ischemic heart disease in general, including resting angina,
cffort angina, acute myocardial infarction, and sudden death
(1,2). Calcium-channel blockers (CCBs) have been shown
to be highly effective in suppressing coronary spasm and are
widely used as the standard therapy for coronary spasm
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(1-4). However, a substantial number of patients with
coronary spasm arc resistant to CCBs even in high doses,
and lethal arrhythmias and/or sudden death occur in some
of them (1). We have shown that endothelial nitric oxide
(NO) activity is reduced and endothelial function impaired
in the coronary arteries involved in spasm (1,5). There is
increasing evidence that 3-hydroxy-3-methylglutaryl coen-
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zyme A reductase inhibitors (statins) improve endothelial
dysfunction and reduce cardiovascular events in patients with
coronary artery disease (6-9). Thus, it is possible that statins
may also suppress coronary spasm and prove to be a novel
therapy for coronary spasm. However, no studies have been
done to test this hypothesis.

The present study was designed to examine whether
addition of a statin to the conventional CCB therapy would
result in greater reduction in coronary spasm as compared
with the conventional CCB therapy.

Methods

Patients. The SCAST (Statin and Coronary Artery Spasm
Trial) trial was a prospective randomized open-label end
point study to examine the effect of a statin (fuvastarin)
added to the conventional therapy on coronary spasm. We
recruited 78 participants between January 2002 and Decem-
ber 2005 from 9 hospitals in Japan. Entry criteria were
subjects who were 30 to 80 years of age who underwent
coronary angiography because of chest pain and/or ischemic
ECG changes on exercise and had no organic coronary
stenosis (>50%) and in whom coronary spasm was induced
by intracoronary injection of acetylcholine (ACh). Coronary
spasm was defined as a total or subtotal obstruction or severe
diffuse constriction of an epicardial coronary artery associ-
ated with transient myocardial ischemia as evidenced by
ischemic ST-segment changes on ECG. Exclusion criteria
included recent myocardial infarction, acute coronary syn-
drome, heart failure, liver disease, creatinine level >1.5
mg/dl, acute inflammation, malignant diseases, and
cholesterol-lowering medication within a month. These 78
patients were registered and randomly assigned to cither the
statin group (fluvasrann 30 mg/day plus conventional ther-
apy, n = 39) or the nonstatin group (convenrional therapy,
n = 39) by using a random number generating computer
system. The conventional therapy consisted of CCBs (slow-
release diltiazem 100 to 200 mg/day, or slow-release nifed-
ipine 20 to 40 mg/day). The protocol of this study was
approved by all site institutional review boards and each
patient provided written informed consent.

Induction of coronary spasm. Coronary spasm was in-
duced by intracoronary injection of ACh after diagnostic
catheterization in the morning. The details of the method
were previously reported (10). In brief, nitrates, CCBs,
beta-adrenergic blockers, angiotensin converting enzyme
inhibitors, angiotensin receptor blockers, and other vasodi-
lators or vasoconstrictors were withheld for >48 h. ACh
was injected in incremental doses of 50 and 100 pug into the
left coronary artery and then 50 pg into the right coronary
artery under continuous monitoring of ECG and blood
pressure. Coronary spasm induced by this method usually
disappeared spontancously within 1 to 2 min, and both the
left and right coronary arteries could be examined separately
unless severe spasm occurred in the left coronary artery and
necessitated the prompt injection of isosorbide dinitrate into
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Abbreviations
and Acronyms

ACh = acetylcholine

the artery. After the end of the
test, isosorbide dinitrate (0.1 mg)
was injected into the coronary

artery and angiography was again

performed. :::k: o e
Treatment and follow-up. A
Each patient was evaluated at 1, 3,

and 6 months for assessment of G4 = left coranary artery
angina episodes, drug compliance, m:""”"

ECG, lipid profile, and safety
markers. At the 6-month follow-
up, patients again underwent cath-

NO = nitric oxide

RCA = right coronary

eterization after withdrawal of ™"
CCBs for a week in both groups, m" Ftw ot lerel

but the statin was not withdrawn
in the statin group. Care was taken
to replicate angiographic views, tube height, catheter positions,
and order of infusions used in the baseline study.
Assessment of coronary artery diameter and ECG
changes in response to ACh injection. Severe coronary
spasm to a residual lumen diameter <0.4 mm could not be
accurately quantified because of technical limitations of the
computer-assisted quantitative coronary angiography (11).
However, the spasm sites at baseline were identified and the
same segments and the nonspasm segments proximal to the
spasm sites were evaluated quantitatively at the submaximal
dose of ACh (50 pg) in the left coronary artery at baseline
and follow-up at the core laboratory. Each segment was
referenced to a specific anatomic landmark for identification
and films from the baseline and follow-up were examined at
the same time to ensure analysis of the identical portion of
the vessel. The measurement was blinded to the ECG
findings and the group assignment. An end-diastolic frame
was digitized and the diameter of the index vessel was
measured with CAAS I software (PIE Medical Imaging,
Maastricht, Limburg, the Netherlands). Two or 3 sites of
cach segment were measured and the coronary response to
ACh was expressed as the percentage change from baseline
in mean lumen diameter and was compared at the same site
of the same artery in the same patients before and after 6
months of treatment in each group. The ECG was exam-
ined in a blinded fashion as to the coronary angiographic
findings and the group assignment at the core laboratory.
Laboratory methods. Fasting blood samples were drawn
by venipuncture 1 to 2 days before coronary angiography
and the hematological and biochemical analyses were done
using standard laboratory procedures. Serum high sensitivity
C-reactive protein was measured in duplicate by automared
immunoturbidimetric assay using the Synchron LX20 Pro
system (Beckman Coulter, Inc., Fullerton, California) (12).
Statistical analysis. The primary end point of the study
was the ACh-induced coronary spasm 6 months after the
treatment. We hypothesized that the induction rate of
coronary spasm in the statin group would be different from
that in the nonstatin group, The number of sample size
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(number of patients) (n = 76 to 78) was calculated based on
a z test at the 2-tailed test 5% significance level and 80%
power. A 30% treatment effect was considered to be
clinically significant, assuming a recurrence rate of coronary
spasm to be 80% ro 90% in the nonstatin group. The
secondary end point was the coronary artery diameter
change in response to the submaximal dose (50 pg) of ACh,
For continuous variables, differences between groups were
evaluared by unpaired ¢ test or Mann-Whitney rank-sum
test, and those within groups by paired ¢ test or Wilcoxon
signed rank rtest. For discrete variables, differences were
expressed as counts and percentages and were analyzed with
chi-square (or Fisher exact) test between groups and with
McNemar test or Fisher exact test within groups, as
appropriate. A 2-tailed p value of <0.05 was considered to
be statistically significant. Data were expressed as mean =
SD. However, when the variable was significantly skewed,
the median (25th, 75th percentile) was reported.

This study was investigator initiated and the drug makers
had no direct or indirect involvement in the design of the
study, provision of the drug, data collection, or preparation
of the manuseript.
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Clinical characteristics and adverse events. Of the 78
patients randomized, 14 patients were withdrawn (statin
group: n = 8; nonstatin group: n = 6). In the stanin group,
1 patient suffered from sudden death during an earthquake,
1 patient from drug allergy, and 1 patient underwent a
cervical operation, In the nonstatin group, 1 parient could
not undergo coronary angiography at 6-month follow-up
because of trouble at catheterization. The remaining pa-
tients were withdrawn due to unwillingness to undergo the
second catheterization (statin group: n = 5; nonstatin
group: n = 5). Thus, a total of 64 patients (31 patients in
the statin group and 33 patients in the nonstatin group)
were available for analysis, and all of these patients had
adhered to the protocol. The baseline characteristics of the
2 treatment groups are shown in Table 1.

Twenty-cight patients of the statin group and 27 patients
of the nonstatin group had episodes of chest discomfort
before the entry. Twenty-one of the patients (75.09%,
p < 0.0001) in the statin group and 19 of the patients
(70.4%, p < 0.001) in the nonstatin group became asymp-
tomatic during 6 months of treatment. Thus, CCBs were

Clinical Characteristics of the Study Subjects

Variables Statin Group (n = 31) Group (n = 33) P Value
Age (yrs) 634 - 125 61.8 - 102 0.6091
Gender (male,/female} 21/10 18/15 02795
Body mass index (kg/m”) 23634 245 =317 0.3022
Hypertension 10/31 14/33 04012
Diabetes mellitus 6/31 €/33 09044
Current smoker 15/31 /33 03304
Leukocyte {/ul) 6,425 « 1582 6,228 - 2,049 0.6689
Hemoglobin (g/dl) 134 =17 136 - 17 06382
Platelet ( < 10%/ u1) 228 - 60 222 -83 0.7546
CRP (mg/1)* 154 (0.79, 5.04) 1.36(0.38, 2.45) 03502
Total protein (g/d1) 68 - 08 68 - D4 0.8798
Albumin (g/d1) 3.98 - 041 397 =033 0.8989
Fast blood sugar (mg/dl) 1043 + 227 1112 = 398 0.4082
AST (u/1) 253 - 111 249 -93 0.8818
ALT (U/1) 25.6 = 14.7 257 =171 0.7874
CPK (U/T) 113.0 - 754 1015 - 63.2 05154
Total cholesterol (mg/dl) 1938 - 363 1939 - 442 09950
LDL cholesterol (mg/di) 1149 - 332 1197 = 270 0.5366
HDL cholesteral (mg/dl) 555 - 138 533 - 181 0.5656
Trighyceride (mg/dl) 1302 - 67.0 1343 - 847 0.8021
Medications
Ca-channal blockars 3131 33/33 0.9642
Diltiazem, nifedipine 20711 26/7 037Te
Aspitin 11/31 13/33 0.7468
ACE inhibitor 3731 233 0.6673
ARB 6/31 10/33 03121
Nitrats 431 733 05119
Beta-biocker 1/31 3/33 06136
Fibrate 131 0/33 04844

*Median (25M. THN parcentlie)
ACE = angiotensin-converting enrpme ALT - stanine

ferass; CPW - creatine phosphats kinacs CRP - Ciwactive protein. WOL
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highly effective in suppressing symptomatic coronary spasm
in both groups in agreement with the results of previous
studies (1-4), and there was no significant difference (p =
0.924) in the incidence of subjective symptoms during the
treatment period between the 2 groups with these sample
sizes. Twenty-five patients in the statin group and 22
patients in the nonstatin group underwent 24-h Holter
monitoring on entry, and ischemic ECG changes were
detected in 6 patients (24.0%) of the statin group and in 5
patients (22.7%) of the nonstatin group. After 6 months of
treatment, ischemic ECG changes on Holter monitoring
were detected in none of the statin group and in 2 patients
of the nonstatin group. No adverse effects were detected in
either group during the follow-up period.

Coronary angiographic and ECG changes in response to
ACh at baseline and after 6 months of treatment. At the
registration, spasm was induced at 26 left coronary artery
(LCA) and at 19 right coronary artery (RCA) in the statin
group, and at 27 LCA and at 16 RCA in the nonstatin
group, accompanied by ischemic ECG changes as shown in
Table 2. After &6 months of treatment and after withdrawal
of CCBs for 1 week, spasm was induced at 12 LCA and at
10 RCA in the statin group, and at 21 LCA and at 13 RCA
in the nonstatin group, accompanied by ST-segment
changes as shown in Table 2. The ACh-induced coronary
spasm after 6 months of treatment was similar to that of the
baseline in location and type (total or subtotal obstruction,
or severe diffuse narrowing).

Coronary spasm was suppressed in 16 out of 31 patients
(51.6%, p < 0.0001) of the statin group and in 7 out of 33
patients (21.2%, p = 0.0110) of the nonstatin group after 6
months of treatment. Thus, the number of patients with
ACh-induced coronary spasm was significantly reduced in
the statin group as compared with the nonstatin group
(51.6% vs. 21.2%, p = 0.0231) after 6 months of treatment
(Fig. 1). The results also revealed that coronary spasm was
induced in a high proportion of the patients after with-
drawal of CCBs after 6 months of treatment.

Quantitative angiographic analysis showed that vasocon-
strictor response (percent change in luminal diameter) to 50
pg ACh of the LCA at the same spasm segment of the
same patient was significantly reduced in both groups after
6 month as compared with at baseline (from —355 *
20.1% to —21.3 = 16.9%, p < 0.0001 in the statin group,
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and from —36.8 = 21.6% to —30.1 = 26.3%, p = 0.0221
in the nonstatin group). There was thus a significant
reduction in the constrictor response to ACh in the statin
group as compared with the nonstatin group (—21.3 *
16.9% vs. —30.1 = 26.3%, p = 0.0087) after 6 months of
treatment (Fig. 2 left). However, there was no significant
difference in the response at the nonspasm segments be-
tween the 2 groups (—6.6 £ 12.6% in the statin group vs.
—10.3 * 12.8% in the nonstatin group, p = 0.1029) after 6
months of treatment, although the response was signifi-
cantly reduced in the statin group (p = 0.0337) after 6
months of treatment (Fig. 2, right).

Lipid profile and other laboratory data. The results of
lipid and other laboratory data are shown in Table 3. The
levels of low-density lipoprotein (LDL) cholesterol and
C-reactive protein decreased significantly in the statin group
(from 114.9 * 33.2 mg/dl to B6.4 % 27.6 mg/dl,
p < 0.0001, and from 1.94 [0.79, 5.04] mg/1 to 0.60 [0.25,
2.20] mg/l, p = 0.0077, respectively), whereas there were no
differences in these levels in the nonstatin group, after 6
months of treatment.

Ischemic ECG Changes Accompanying ACh-Induced C

Y Sp at Baseline and After 8 Months of Treatment

Statin Group Nonstatin Group
ECG Changes Baseline 6 Months P Value Basaline & Months p Value
LCa STsegment elevation 11/26 (42.3%) 3/26 (11.5%) 9/27 (33.3%) B/27 (22.2%)
ST-segment depression 15/26 (57.T%) 9/26 (34.6%) 18/27 (66.7%) 15/27 (55.6%)
Total 26,26 (100%) 12/26 (46.2%) < 0.0001 27/27 (100%) /27 (T7.8%) 0.0229
RCA STsegment elevation 10/19 (52 &%) 5719 (26.3%) 6/16 (37.5%) 5/16(31.3%)
ST-segment depression 9/19 (47.4%) 5/19 (26.3%) 10716 (62.5%) 8/16 (50.0%)
Total 19/19 (100%) 10/19 (52.6%) 0.0001 16/16 (100%) 13/16 (81.3%) 0.2358
ACH hy ECG LCA - jeft coronary artery; RCA - right coronary artery
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Calcium-channel blockers are established as the standard
therapy for coronary spasm (1,3,4). However, coronary
spasm may not be completely controlled even with high
doses of CCBs in a substantial number of patients (1,3,4).
Moreover, it is not known how long the drugs should be
administered for control of coronary spasm (13,14). Coro-
nary spasm occurs most often from midnight to early
morning and is often silent and is usually not induced by
exercise in the daytime (1,14). Morcover, there are daily,
weekly, and monthly, as well as circadian, variations in the
frequency of coronary spasm (1,15,16) and the cpisodes of
coronary spasm may not be detected even with 24-h
ambulatory ECG monitoring as shown in this as well as
previous studies (1,15). Accordingly, we examined the effect
of a statin (fluvastatin) on the coronary spasm induced by
the intracoronary injection of ACh in the present study.
The study showed that the addition of fluvastatin to the
conventional therapy for 6 months significantly reduced the
occurrence of coronary spasm as compared with the con-
ventional therapy. The quantitative angiographic analysis
also showed that the constrictor response to a submaximal
dose of ACh at the same site of the same spasm segment

was reduced significantly in the statin group as compared
with the nonstatin group, but there was no significant
difference in the response at the same site of the nonspasm
segment between the 2 groups after 6 months of follow-up.
Thus, the present study reveals that the spasm segment was
specifically responsive to a statin (fluvastarin) as compared
with the nonspasm segment. Fluvastatin significantly re-
duced the serum level of LDL cholesterol. However, it is
not known whether the suppression of coronary spasm was
directly caused by the lowering of LDL cholesterol. Our
previous study shows that elevation of LDL cholesterol is
not a risk factor for coronary spasm (17). Recent experi-
mental and clinical evidence indicates that statins improve
endothelial dysfunction and suppress inflammation inde-
pendently of cholesterol lowering or through “pleiotropic”
effects (8,9,18,19). We have shown that endothelial NO
bioactivity was reduced and levels of markers of inflamma-
tion were increased in patients with coronary spasm
(1,5,15,20). In the present study, the serum level of
C-reactive protein, a marker of inflammation was reduced
significantly in the statin group, whereas the level remained
unchanged in the nonstatin group in agreement with the
results of previous studies (8,9,21,22).

Lipid Profile and Other Laboratory Data at Baseline and After 8 Months of Treatment

Statin Group (n = 31)

Nonstatin Group (n = 33)

Variables Baseline 8 Months p Valus Baseline 6 Months p Value
Total-cholestaro! (mg/dl) 1938 - 383 167.7 = 353 <0.0001 1939 = 4432 2069 - 268 0.0767
LDL cholesterol (mg/di 1149 - 332 BE4 - 276 <0.0001 1197 - 270 1174 =295 0.6124
HDL cholesterol (mg/dl) 555 = 138 59.6 + 139 0.0371 533 =151 548 =177 08151
Triglycaride (mg/dl) 1302 - 870 1135 - 634 0.1155 1343 « 64.7 1503 « 1247 04491
CRP (mg/i)* 194 (0.79, 5.04) 0.60 (0.25, 2.20) 0.0077 118 (0.38, 245) 0.64 (020, 1.40) 0.4503
Platelet ( - 10%/.u1) 228 - 60 21656 0.0363 222 :83 238 - 88 02190

*Medisn (25th. T5th parcentile |
Abbreviations as in Table L
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In addition to inhibiting cholesterol synthesis, statins are
shown to block the synthesis of isoprenoid intermediates of
the cholesterol biosynthetic pathway, thereby preventing
translocation and activation of RhoA (8,19). Emerging
evidence indicates that inhibition of RhoA and its down-
stream RhoA-associated kinase (ROCK) pathway leads to
the elevation of endothelial NO synthase expression and
NO activity in conjunction with reduction of inflammation,
as well as proliferation of vascular smooth muscle (8,18,19).

Coronary spasm may be regarded as an abnormal hyper-
contraction of coronary vascular smooth muscle and accu-
mulating evidence indicates that hypercontraction of vascu-
lar smooth muscle is mainly caused by the enhanced Ca®”
sensitization through the activation of the RhoA/ROCK
pathway (23-25).

Accordingly, it is reasonable to postulate that the Rho/
ROCK pathway plays a key role in the pathogenesis of
coronary spasm (24,25) and statins, including fluvastatin are
likely to suppress coronary spasm by inhibiting the Rho/
ROCK pathway, thereby improving endothelial function,
enhancing NO activity, and suppressing inflammation and
Ca®* sensitivity of coronary smooth muscle. Indeed, we and
others (18,26-28) have shown that statins enhance the
expression of endothelial NO synthase gene in human
endothelial cells. The present study thus suggested that a
statin may be a novel disease-modifying drug for coronary
spasm based on the underlying pathogenesis and improve
the overall prognosis for the patients. On the other hand,
coronary spasm was again induced in the majority of the
patients on withdrawal of CCBs after 6 months of treat-
ment without a statin. The results indicated that calcium-
channel blockade for 6 months might not substantially
modify the underlying pathogenesis of coronary spasm in
the majority of the patients (15) and revealed that CCBs
should not be withdrawn for at least 6 months.

One previous study reported that a statin reduced coro-
nary vasoconstrictor response to ACh, reflecting improved
endothelial function in patients with stable coronary artery
disease after 5.5 months of treatment (29). However, other
studies reported that 6 months of statins therapy had no
significant effect on coronary endothelial vasomotor func-
tion in patients with stable coronary artery disease (30,31).
We studied the spasm segment as well as nonspasm seg-
ment in patients with coronary spasm, because no previous
studies examined the effect of a statin on coronary spasm. It
is interesting to note that the effect of a statin appears within
1 to 3 months of treatment in patients with unstable
coronary syndrome, whereas it is apparent only after 1 to 2
years in those with stable coronary artery discase (8,9,32).
Different pathophysiological mechanisms of coronary dis-
ease may thus respond differently to a statin.

Study limitations. Although the present study reveals that
an addition of fluvastatin to the conventional therapy
suppresses coronary spasm, the duration of the study period
was short (6 months) and the number of the study subjects
was small because of the invasive nature of the study for
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demonstrating coronary spasm. A larger number of patients
and longer periods of follow-up would be required to
determine the long-term efficacy and safety of a statin
(fluvastatin) for the treatment of coronary spasm by using a
noninvasive and more sensitive method for detection of
coronary spasm. This study thus provides a rationale for the
use of a statin for the treatment of coronary spasm. It is not
yet known whether these combination therapies will prove
to be cost-effective and safe for long-term use in patients
with coronary spasm. We used fluvastatin because the risk
for rhabdomyolysis and the possible drug interaction with a
CCB were reported to be lowest and the possible vascular
effect was highest among the statins clinically available at
the time of initiating this study (33). It thus remains to be
determined whether statins other than fluvastatin may have
the similar effects on coronary spasm.

Conclusions

The present study showed that an addition of Auvastatin 30
mg/day to the conventional CCB therapy for 6 months
significantly reduced coronary spasm induced by intracoro-
nary injection of ACh as compared with the conventional
therapy. The quantitative angiographic analysis revealed
that fluvastatin was specifically effective in suppressing the
vasoconstrictor response of the spasm segments as compared
with the nonspasm segments.
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IABETES MELLITUS 1S A POWER-

ful risk factor for cardio-

vascular events. The Framing-

ham Heart Study reported
that diabetes was associated with odds
ratios for coronary heart disease of 1.5
and 1.8 for men and women, respec-
tively, and relative risks for stroke of 1.4
and 1.7 for men and women, respec-
tively."? Individuals with diabetes have
a 2- to 4-fold increased risk of develop-
ing cardiovascular events than those
without diabetes.”

Several earlier investigations have
shown that aspirin therapy is estab-
lished as a secondary prevention strat-
egy lor cardiovascular events.” Clini-
cal guidelines have recommended that
individuals with nisk factors for cor-
onary heart disease should take aspirin
for primary prevention and for second-
ary prevention; in particular, those with

For editorial comment s;e p 2180.

Context Previous trials have investigated the effects of low-dose aspirin on primary
prevention of cardiovascular events, but not in patients with type 2 diabetes.

Objective To examine the efficacy of low-dose aspirin for the primary prevention
of atherosclerotic events in patients with type 2 diabetes.

Design, Setting, and Participants Multicenter, prospective, randomized, open-
label, blinded, end-point trial conducted from December 2002 through April 2008 at
163 institutions throughout Japan, which enrolled 2539 patients with type 2 diabetes
without a history of atherosclerotic disease and had a median follow-up of 4.37 years.

Interventions Patients were assigned to the low-dose aspirin group (81 or 100 mg
per day) or the nonaspirin group.

Main Outcome Measures Primary end points were atherosclerotic events, includ-
ing fatal or nonfatal ischemic heart disease, fatal or nonfatal stroke, and peripheral
arterial disease. Secondary end points included each primary end point and combina-
tions of primary end points as well as death from any cause.

Results A total of 154 atherosclerotic events occurred: 68 in the aspirin group (13.6
per 1000 person-years) and 86 in the nonaspirin group (17.0 per 1000 person-years)
(hazard ratio [HR], 0.80; 95% confidence interval [Cl], 0.58-1.10; log-rank test, P=.16).
The combined end point of fatal coronary events and fatal cerebrovascular events oc-
curred in 1 patient (stroke) in the aspirin group and 10 patients (5 fatal myocardial
infarctions and 5 fatal strokes) in the nonaspirin group (HR, 0.10; 95% CI, 0.01-0.79;
P=.0037). A total of 34 patients in the aspirin group and 38 patients in the nonaspirin
group died from any cause (HR, 0.90; 95% CI, 0.57-1.14; log-rank test, P=.67). The
composite of hemorrhagic stroke and significant gastrointestinal bleeding was not sig-
nificantly different between the aspirin and nonaspirin groups.

Conclusion In this study of patients with type 2 diabetes, low-dose aspirin as pri-
mary prevention did not reduce the nisk of cardiovascular events.

Trial Registration clinicaltrials.gov Identifier. NCTOD110448

JAMA 2008:300(18):2134-2147

WWAW AT £Om

pertension, smoking, dyslipidemia, or al-
buminuria.'* Nonetheless, the clinical

diabetes were considered good candi-
dates for aspirin except for those with

contraindications.'*"” The American Dia-
betes Association recommends use of as-
pirin asa primary prevention strategy in
patients with diabetes who are at in-
creased cardiovascular risk, including
those who are older than 40 years orwho
have additional risk factors, such as fam-
ily history of coronary heart disease, hy-

trial data for aspinin in primary preven-

Author Affillations and the lapanese Prmary Preven-
ton of Atherosclerosis With Aspinn for Diabetes Tnal
Investigators are hsted at the end of tha article
Corresponding Author: Hisao Ogawa. MD, PhD, De-
partment of Cardhovascular Medicine, Graduate School
of Medical Saences, Kumamoto Univeraity, 1-1-1
Honjo, Kumamoto City, B60-8556, Japan (ogawah
@humamoto-u ac. jp)
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tion are limited. Several large rrials of as-
pirin for primary prevention have exam-
ined is effects in subgroups with diabe-
tes; these subgroup analyses did not
demonstrate a significant effect on re-
ducing vascular events because they were
underpowered.'™* Thus, a primary pre-
vention trial of aspirin for diabetic pa-
tients 1s needed.

The Japanese Primary Prevention of
Atherosclerosis With Aspirin for Dia-
betes (JPAD) trial was undertaken to
examine the efficacy of low-dose aspi-
rin therapy lor the primary preven-
tion of atherosclerotic events in pa-
tients with type 2 diabetes,

METHODS

The JPAD trial was a prospective, ran-
domized, open-label, controlled trial with
blinded end-point assessment. Patient
enrollment started in December 2002
and was completed in May 2005; pa-
tients were followed up until April 2008.
Patients were enrolled and followed up
at 163 institutions throughout Japan. The
institutional review board at each par-
ticipating hospital approved this trial, and
written informed consent was obtained
{rom each patient.

Trial Population

The inclusion criteria were diagnosis of
type 2 diabetes mellitus, age berween
30 and 85 years, and ability to provide
informed consent. The exclusion cni-
teria were electrocardiographic changes
consisting of ischemic ST-segment de-
pression, ST-segment elevation. or
pathologic Q waves; a history of coro-
nary heant disease confirmed by coro-
nary angiography; a history of cerebro-
vascular disease consisting of cerebral
infarction, cerebral hemorrhage, sub-
arachnoid hemorrhage, and transient is-
chemic attack; a history of arterioscle-
rotic disease necessitating medical
treatment, atrial fibrillation; preg-
nancy; use of antiplatelet or antithrom-
botic therapy, defined as aspirin, ticlo-
pidine, cilostazol, dipyridamole,
trapidil, warfarin, and argatroban; a his-
tory ol severe gastric or duodenal ul-
cer; severe liver dysfuncrion; severe re-
nal dysfunction, and allergy to aspirin.

Q21008 American Medical Association. All rights reserved.

Trial Protocol

Enrolled patients were andomly assigned
to the aspirin group or the nonaspirin
group. The mndomization was performed
as nonstratified randomization froma ran-
domnumber table. The study center pre-
pared the sealed envelopes with random
assignmentsand distributed them by mail
1o the physicians in charge at the study
sites. Patients in the aspirin group were
assigned 1o take 81 mg or 100 mg of as-
pirin once daily. Patients were followed
up at each hospital visit or by telephone
if necessary. Follow-up visits were sched-
uled every 2 weeks for patients seen ina
clinicsettingand every 4 weeks for patients
seen ina hospital setting, Data for patients
whowere lost o follow-up were included
at the day of last follow-up. Patients were
allowed to use any concurrent treatment
Patientsin the nonaspirin group werealso
allowed to use antiplatelet/thrombotic
therapy, including aspinn, if needed and
vice versa

End Points

The primary end point was any athero-
sclerotic event, which was a composite
of sudden death; death from coronary,
cerebrovascular, and aortic causes, non-
fatal acute myocardial infarction; un-
stable angina; newly developed exer-
tional angina; nonfatal ischemic and
hemorrhagic stroke; transient ischemic
attack; or nonfatal aortic and periph-
eral vascular disease (arteriosclerosis
obliterans, aortic dissection, mesen-
teric artenal thrombosis) during the fol-
low-up period. Key secondary end points
were each primary end point and com-
binations of primary end points and
death from any cause. Adverse events
analyzed included gastrointestinal (G1)
eventsand any hemorrhagic events other
than hemorrhagic stroke. All potential
primary end points, secondary end
points, and adverse events were adjudi-
cated by an independent committee on
validation of data and events that was un-
aware of the group assignments

Sample Size Calculation

For sample size calculation, we first es-
timated the incidences ol cardiovascu-
lar and cercbhrovascular events among

ASPIRIN FOR PREVENTING ATHEROSCLEROTIC EVENTS IN TYPE 2 DIABETES

Japanese diabetic patients. The inci-
dence of cardiovascular death, myo-
cardial infarction, and cerebrovascu-
lar events were 7.5, 7.5, and B.0 events
per 1000 Japanese diabetic patients per
year, respectively, according to the Hi-
sayama-cho study® and Funagata
study  The total incidence of the ath-
erosclerotic events, including periph-
eral arterial disease, was suggested o
be 3 times the aforementioned num-
ber by the Hypertension Optimal Treat-
ment (HOT) study.** Because the re-
cent incidence of atherosclerotic events
among Japanese individuals seemed
relatively lower than that previously re-
ported in Japan, we discounted 25% of
the estimated 69 events that were ex-
pected to oceur and estimated that 52
events per 1000 Japanese diabetic pa-
tients would occur annually,

Based on a 2-sided « level of .05, a
power of 093, an enrollment period of
2 years, and a follow-up period of 3
years after the last enrollment, we es-
timated that 2450 patients would need
to be enrolled to detect a 30% relative
risk reduction for an occurrence of ath-
erosclerotic disease by aspirin, "

Statistical Analyses

Efficacy comparisons were performed
on the basis of time 1o the first event,
according to the intention-to-treat prin-
ciple, including all patients in the group
to which they were randomized with
patients lost to follow-up censored at
the day of the last visit. Safety analyses
were performed on data from all en-
rolled patients. Following the descrip-
tive statistics, cumulative incidences of
primary and secondary end points were
estimated by the Kaplan-Meier method
and differences between groups were
assessed with the log-rank test. We used
the Cox proportional hazards model to
estimate hazard ratios (HRs) of aspi-
rin use along with 95% confidence in-
tervals (Cls). We used the x? test or
Fisher exact test to evaluate adverse
events.

We also conducted subgroup analy-
ses for predetermined subgroups: sex
(men, women); age (younger than 65
years, 65 years or older); hypertensive

(Repnnted) JAMA, Novemnber 12 2008—Vaol 300, No. |8 2138
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Figure 1. Participation in Japanese Primary Prevention of Atherosderosis With Aspirin for

Diabetes (JPAD) Trial
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status (hypertensive, normotensive);
smoking status (current or past smoker,
nonsmoker); and lipid status (hyper-
lipidemia, normolipidemia). Using the
Cox proportional hazard model, pro-
portional hazard assumptions were as-
sessed on the plots of log (time) vs log
[-log(survival) | stratified by index vari-
ables. Patients with mussing values for
any selected variable were excluded
from the analyses that used the vanable,

Allstatistical analyses were conducted
using SASversion 9.1 (SAS Institute Inc,
Cary, North Carolina) and S-Plus version
7.0 (Insightful Corp, Seattle, Washington).
Pvalues of less than .05 were considered
statistically significant. An independent
salety monitoring board monitored the
safetyand efficacy of the study after 2 years
of follow-up for an interim assessment and
at the end of the study.

RESULTS

Study Population

The study screened 2567 partients with
type 2 diabetes mellitus without a his-
tory of atherosclerotic disease, includ-
ing cardiovascular disease, stroke, and
peripheral vascular disease, from De-

2136

JAMA, November |2, 2008—Vol 300, No. 18 (Reprinted)

cember 2002 to May 2005 in 163 in-
stitutions (FIGURE 1). Six patients who
withdrew their informed consent were
excluded. Twenty-two patients met ex-
clusion criteria. We randomly as-
signed 2539 patients as follows: 1262
patients in the aspirin group and 1277
patients in the nonaspirin group. Pa-
tients were followed up until April
2008. The median follow-up period was
4.37 years (95% Cl, 4.35-4.39). A wotal
of 193 patients were lost 1o follow-up,
and data for those patients were cen-
sored at the day of last follow-up.

Baseline Clinical Characteristics

Baseline clinical characterisues, includ-
ing treatments for diabetes, hyperten-
sion, and dyslipidemia and diabetic mi-
crovascular complications. were similar
between the 2 groups (TABLE 1), Over-
all mean (SD) age was 63 (10) years; 55%
of patients were men. Median duration
of diabetes was 7.3 years in the aspirin
group and 6.7 years in the nonaspirin
group. Diabetes was well controlled in
both groups: mean (5D) levels of gly-
cated hemoglobin were 7 1% (1.4%) in
the aspirin groupand 7.0% (1.2%) in the

nonaspirin group. The prevalence of hy-
pertension and dyslipidemia was 58%
and 53%, respectively. Blood pressure
was well controlled in both groups: mean
(SD) systolic pressure, 136 (15) mm Hg,
mean (SD) diastolic pressure, 77 (9)
mm Hg in the aspirin group and mean
(SD) systolic pressure, 134 (15) mm Hg;
mean (SD) diastolic pressure, 76 (9)
mm Hg in the nonaspirin group.

By the end of the study, 123 pa-
tients (10%) in the aspirin group had
stopped taking the study medication
Since aspirin therapy was allowed in the
nonaspirin group, 6 patients (0.5%) had
taken aspirin and 3 patients (0.2%) had

taken other antiplatelet medication.

Efficacy Analysis
A total of 154 atherosclerotic events
occurred (TABLE 2). The incidence of the
primary end point of any atheroscle-
rotic event, a composite of sudden death,
death from cardiovascular or aortic
causes, nonfatal acute myocardial infarc-
tion, unstable angina, exertional angina,
nonfatal ischemic and hemorrhagic
stroke, transient ischemic attack, and
nonfatal aortic and peripheral vascular
disease (arteriosclerosis obliterans, aor-
tic dissection, mesenteric arterial throm-
bosis), was not significantly different in
the aspirin group (68 events, 5.4%) than
in the nonaspirin group (86 events, 6.7%)
(HR, 0.80; 95% CI1, 0.58-1.10; log-rank
test, P=.16) (Table 2 and FIGURE 2).
The combined end point of fatal coro-
nary events and fatal cerebrovascular
events occurred in 1 patient (stroke) in
the aspirin group and 10 patients (5 fa-
tal myocardial infarctions and 5 fatal
strokes) in the nonaspirin group (HR,
0.10:95% C1,0.01-0.79; P=.0037). Other
secondary coronary, cerebrovascular, and
peripheral vascular disease end points
are shownin Table 2; there were no sig-
nificant differences between the aspirin
groupand the nonaspirin group in these
end points, There were 2 deaths due to
aortic dissection, both in the low-dose
aspirin group, and | nonfatal aortic dis-
section in the nonaspirin group. A total
ol 13 hemorrhagic strokes occurred,
the incidences in each group were simi-
lar (6 in the aspirin group and 7 in the

Q2008 American Medical Association. All rights reserved.
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nonaspiringroup). There was | fatal hem-
orrhagic stroke in the aspirin group and
4 in the nonaspirin group.

Death from causes other than cardio-
vascular events were as follows for the
aspirin group and nonaspirin group, re-
spectively: there were 15 and 19 deaths
due tomalignancy, 2and 5 due to infec-
tion, 3 and 0 due to suicide, 2and 0 due
to traffic crashes, and 1 and | duc to liver
cirthosis. Therefore, 23 patients in the
aspirin groupand 25 patients in the non-
aspirin group died from causes other than
cardiovascular events, Eight patients in
the aspirin group and 3 patients in the
nonaspirin group died from unknown
causes, A total of 34 patients in the aspi-
rin group and 38 patients in the nonaspi-
rin group died from any cause (HR, 0.90;
05% C1,0.57-1.14; log-rank test, P=.67).

Subgroup Analyses

Inthe 1363 patients aged 65 years or older
(719 in the aspirin group and 644 in the
nonaspirin group), the incidence of ath-
erosclerotic events wassignificantly lower
in the aspirin group (45 events, 6.3%) than
in the nonaspirin group (59 events, 9.2%)
(HR, 0.68; 95% C1, 0.46-0.99; P=.047).
In the 1176 patients younger than age 65
years, there were 23 events in the aspirin
group (4.2%) and 27 events in the non-
aspirin group (4.3%), a difference that
was notsignificant (HR, 1.0;95% C1,0.57-
1.70; P=_98). A formal test of interaction
withage did not show a significant result
(P=.27). There were nosignificant differ-
ences between the aspirin groupand non-
aspirin group in other subgroup analyses,
including men, women, hyperiensive,
normotensive, current or past smokers,
nonsmokers, dyslipidemia, and normo-
lipidemia (FIGURE 3).

Safety

The prespecified analysis of adverse
events is shown in TABLE 3. The hem-
orrhagic events consisted of Gl bleed-
ing in 12 patients in the aspirin group
and 4 in the nonaspirin group and reti-
nal hemorrhage in 8 patients in the as-
pirin group and 4 in the nonaspirin
group. In the aspirin group, 4 patients
had serious adverse events that needed
a rransfusion: no patients in the non-

02008 American Medical Association. Al rights reserved.
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Table 1. Baseline Clinical Characteristics

No. (%)
: Aspirin P—
Group Group
Characteristic {n = 1262) tn=1277)
Age, rmean (S0), y 85 (10 64 (10)
Maie 706 (58) 881 (53)
Current smokes 288 23) 248019
Past smoker 545 (43) 482 (38)
Body mass ndex, mean (501 24(4) 24 (4)
Hypertension 742 (58) 731 (57)
Dyshiprd B8O (54) 665 (52)
SystohC binod pressure, mean (S0), mm Hg 136 (15) 134 (15)
Diastole blood pressure, mean (SO), mm Hg 778 76 (9
Duration of dabetes, median (1QR), y 7325123 6.7 (3.0-12.5)
Drabetic mecrovascuiar comphcation
Drabetic retinopathy 187 (15) 178 (14)
Duabetic nephropathy 168 (13) 153 (12)
Protenura, =15 mg/dL 222 (18) 224 (18)
Dabetic neuropathy 163 (13) 137 ()
Derrmal ulcer 6 (0.5} 6(0.5)
Treatment for dabetes
Sulomylureas 737 (58) 710 (56)
a-Glucosidase mhibdors 422 (33 414 (37)
Biguanides 168 (13) 186 (15)
Ingulin 166 (13) 160 (13)
Thiazohcines 683 (5) 65 [5)
Treatment for hypertension and dyshpdemia
Calcum channed blockers 436 (35) 440 (34)
Angiotonsin-|l receplor antagonists 268 (21) 266 (21)
Angrotensin-converting enzyme inhiblors 178 (14) 185 (15)
B-Biockers 751(6) B7 (7
n-Biockers 63 (4) 38 (3)
Statins 322 (26) 328 (26)
Family history
Type 2 dabetas malitus 526 (42) 513 (40)
Ischemic hear disease 147 (12) 143 (11)
Stroke " etsEa | 281@20)
Patient medical hstory
Pepitic ulcer B3 (7) 96 [B)
Chracal laboratory measurernents, maan (S0)
Hemogiobn A.. level, % 7.1(1.4} 7003
Fasting piasma glucose level, mg/dl 143[.%0;_ L 146 (48)
Total choesterol kvel, mg/dL 202 [34) 200 (34)
Fasting trigiceride level, mg/dlL 135 (B8} 134 (89)
HDL cholesterol level, mg/dl 55 (15) 55 (15)
Biood urea nitrogen level, mg/dl 16 {5) 16 (5)
Serum creatining level, mg/dL 0803 0.8(0.2)
Fed biood cefs, X 10/mL. 452 (4.7 45.0 (48
White biood cells, x 107/mlL 62018 B.1(1.7)
Hamogiobn level, g/dL 14.0(1.5) 14.0(1.5)
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Table 2. Atherosclerotic Events

Aspirin Group Nonaspirin Group
F nm.perumol ' No. par'IDDOI Hazard Ratio P
No. (%) Person-Years No. (%) Person-Years (85% CI) Value
Primary end point: all atherosclerohc gvents B8 (5.4) 13.6 86 16.7) 17.0 0.80 (0.58-1.10) 16
Coronary and ular moralty 1(0.08) 0.2 10 (0.8) 20 0.10 (0.01-0.79) 7
CHD events {fatal + nonfatai) 28(22) 56 35 (2.7) () 0.81(0.49-1.33) a0
Fatal M1 o ) 0 0 5004 1.0
Nonfatal Mi 12(1.0) 2.4 9(0.7) 18 1.34 [0.57-3.19) 50
Unstable angina 403 08 10 (0.8) 20 0,40 (0.13-1.29) 13
Stabie angna 12 (1.0) 24 11 0.9) 22 1.10 (0.49-2.50) 82
Cerebrovascular disease (fatal + nonfatal) 28 2.2) 56 3225 63  0B4(053-132) 44
Fatal stroke 1(0.08) 0.2 510.4) 1.0 0.20 (0.024-1.74) 15
Nonfatal stroke
Ischemic 22(1.7) 44 24 (1.9) 48 0.93 (0.52-1.66) 80
Hemaorrhagic 5 (0.4) 1.0 3i0.2) 08 1.68 (0.40-7.04) 48
Transient ischemic attack 5(0.4) 1.0 8 [0.6) 16 0.53 (0.21-1.93) 42
Peripharal artery disease® 7 (0.6) 1.4 11(0.9) 22 0.54 (0.25-1.65) 35

heart Gisease; CI. conficance mtenal, Mi, myocaraial infarction.

Abbreviatons. CHO, coronary
8 Arterioacierosia oblterans (5 in aspirn group and B in

pirin group), aortic

thombosis (1 in the nonasenn groug), and mtinal artery thromibosss (1 in 1he nonaspinn group).

e —
Figure 2. Total Percentage of Atherosclerotic Events According to Treatment Group
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aspirin group required transfusion. An-
other 13 patients in the aspinn group
had minor bleeding. There was no sig-
nificant difference in the composite of
hemorrhagic siroke and severe Gl
bleeding, which occurred in 10 pa-
tients in the aspirin group and in 7 pa-
tients in the nonaspirin group.

COMMENT

Myocardial infarctionand ischemicstroke
are leading causes of mortality and mor-
bidity in patients with type 2 diabetes.”
Given the rapid increase in the number
of patients with type 2 diabetes worldwide
and especially in Asia, establishing effec-
tive means of pnimary prevention of coro-
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naryand cerebrovascular eventsisan im-
portant public health priority.* In the
JPAD primary prevention trial of 2539 type
2 diabetic patients without documented
cardiovascular disease, the incidence of
the primary end point of total atheroscle-
rotic events, consisting of coronary, cere-
brovascular, and peripheral vascular
events, was not significantly different in
the group that received prophylactic as-
pirn (81 or 100 mg once daily) than in
the nonaspirin group, With the exception
of fatal coronary and cerebrovascular
events, none of the prespecified second-
ary end points were reduced significantly
in the low-dose aspirin group. The inci-
dence of fatal coronary and cerebrovas-

[2 tatal in the aspinn group and 1 nontatal n tha nonasnn groug); Mmatantans iy

cular events, a prespecified secondary end
point, wassignificantly reduced in the low-
dose aspirin group (P=.0037). A benefit
of low-dose aspirin on the primary end
pointalso was suggested in the subgroup
of patients aged 65 years or older, which
had a significant 32% relative reduction
in total atherosclerotic events (P=.047).
The cardiovascular mortality benefitwas
achieved with asmall increase in cases of
serious Gl bleeding (4 patientsin the as-
pirin group had bleeding that required
transfusion), but no excess of fatal Gl or
cerebral hemorrhages.

The |PAD trial enrolled 2539 diabetic
patients without documented coronary
or cerebrovascular complications; the
sample size was the largest among the pre-
vious primary prevention studies in re-
spect 1o the number of diabetic patients
enrolled. However, no difference was
found in the effect of aspirin on the pri-
mary end point or most secondary end
points.

The interpretation of these results is
challenging because the overall event rates
were low: 17in 1000 Japanese diabetic pa-
tients. This is one-third of the event rate
anticipated in oursample-size calculations,
which were based on the Hisayama-cho®
and Funagata® epidemiologic studies con-
ducted in Japan in the 1990s. Current
treatment of cardiovascular risk factors
in patients with type 2 diabetes has im-
proved since the 1990s and may have ac-

©2008 American Medical Association. All rights reserved.
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counted for the lower event rates: there
is better control of glucose, blood pres-
sure, and lipid levels in clinical pracuce.
The baseline characteristics of patientsin
the JPAD tnial were similar to those in pre-
vious studies except that body mass in-
dex was relatively lower in the JPAD trial
than that inthe previous studies, although
similar to thatin other studices of Japanese
di.abelil:.'i.""“ 1T e

A meta-analysis of primary preven-
tion trals that included the British Doc-
tors' Trial, the Physicians’ Health Study,
the Thrombosis Prevention Trial, the Hy-
pertension Optimal Treatment (HOT)
study, the Primary Prevention Project
(PPP) trial, and the Women’s Health
Study showed that aspirin therapy sig-
nificantly reduced the risk of 1otal coro-
nary heart disease, nonfatal myocardial
infarction, and total cardiovascular events
with a nonsignificant trend for de-
creased risk of stroke, cardiovascular
martality, and all-cause mortality. ™ How-
ever, the evidence for aspirin in preven-
tion of cardiovascular events in diabetic
patients has been surprisingly scant. Pre-
vious studies investigating the effects of
low-dose aspirin on primary preven-
tion of cardiovascular events did not en-
roll solely diaberic patients but enrolled
patients with hypertension in the HOT
study; patients with 1 or more cardio-
vascular risk factors in the Thrombosis
Prevention Trial and the PPP trial; and
a healthy population in the British Doc-
tors' Tral, the Physicians' Health Study,
and the Women's Health Study.

Several large primary prevention trials
have included subgroup analyses of pa-
tients with diabetes. The Physicians’
Health Study of 22 071 healthy men ran-
domized to receive 325 mg of aspirin
every other day or placebo showed a sig-
nificant reduction in myocardial in-
farction for the entire population, but
there was no significant difference for the
small number of individuals with diabe-
tes in the 2 treatment groups (117275 in
the aspirin group and 26/258 in the pla-
cebo group).'® The Antithrombotic Tri-
alists’ Collaboration meta-analysis of 287
randomized mals reported effects of an-
tiplatelet therapy (mainly aspirin) vs con-
trol in 135000 patients and showed a

02008 American Medical Association, All rights reserved.
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nonsignificant 7% reduction in the odds
for serious vascular events for the sub-
group of 5126 patients with diabetes."”

Saccoetal™ described the effects of as-
pinnonatherosclerotic disease in panents
with diabetes as a subgroup of the PPP
trial, which investigated the effecis of as-
pirin and vitamin E in a 2-by-2 factorial

trial of 4495 patients with at least 1 known
major cardiovascular risk factor.”’ The
original study was stopped on ethical
groundsafteramean follow-upof 3 6 years
because aspinin was associated with a
lower nisk of atherosclerotic disease in the
overall group. The results of asubgroup
analysis of 1031 diabetic patients did not

Figure 3. Subgroup Analysis of Incidence of Atherosclerotic Events
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Table 3. Adverse Effects -
No.
T 1
Aspirin Group Nonaspirin Group
Bleecng, gastroimestinal®
Hemormhagic gastric uicer B 5 B 3
Bleading from esophageal varces 1 B q
Bleading from colon dverticula 2 0
Gastrontestinal bleeding dua to cancer - o 0
Hamaomhod biseding R | B | L 0
Gastrontestinal biseding (cause unkmown) 1 1
Biesading, other
Retinal hleeding 8 3 -
Bioadng afier 1ooth extraction ——— ] 2
Subcutaneous hemormhage 3 n ]
Hematura - 2 = :
Nose beaing & i
Chromc subdural hematoma - _ 2 a
Nonbieading gasiromesinal event
Nonhamommhage gastritis 3 o
Nonhemonthage: gastne uicer 17 3
Nonhemonmhagic duddenal ucer 1 1
Only gastrontestngl symplom 26 o
Other
Anermia 4 o
Agthma 1 0

Finy the aspein roup. 4 Cases of 3evere QASTTNTESHNGI bisecng requIed transhuson
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reachstatistical significance, possibly be-
cause of the early stopping of the trial and
the subgroupsize.* Inaddition, medica-
vonadherence was poor in the PPP trial:
28.2% of subjects assigned o aspirin had
stopped this therapy by the conclusion of
the trial. In the JPAD study, only 10% of
patients in the aspirin group stopped this
therapy by the end of the mean 4.37 years
of follow-up.

Because of the low event rate in JPAD,
our study was underpowered for dem-
onstrating that aspirin had a significant
effect on reducing total atherosclerotic
events. However, the observation in the
JPAD tnal of an effect of aspirin on the
secondary outcome of fatal cardiovas-
cular events was also seen in the PPP trial.
Aspirin did not reduce cardiovascular
mortality in the HOT study, and it did
not reduce fatal stroke in the Women's
Health Study. The reason for the dis-
crepancy in the preventive effect of as-
pirin on fatal cardiovascular events is not
clear at present. The total number of fa-
tal events was small (ran ging from 13 1o
49) in the JPAD trial as well as the PPP
trial and in the subgroup population with
diabetes in the HOT study. A larger trial
1s needed to determine the efficacy of
low-dose aspirin on mortality.

The JPAD trial composite primary end
point also included hemorrhagic stroke.
The finding that aspirin did not in-
crease the risk of hemorrhagic stroke was
consistent with findings from prior re-
ports 4+ although the population
studied was patients with diabetes. The
finding of no increase in hemorrhagic
stroke in the JPAD trial is of particular
clinical importance because hemor-
rhagic stroke is more common in Japa-
nese populations than in the West. "
Moreover, there was no fatality due to
hemorrhagic events except for hemor-
rhagic stroke; however, the hemor-
rhagic events that required surgical in-
terventions or transfusion were ohserved
in 4 patients in aspirin group.

The study design may be considered
a limitation of the JPAD trial (prospec-
tive, randomized, open-label, con-
trolled trial with blinded end-point as-
sessment), as it did not have the
advantages of a double-blind, random-

2140 JAMA, November 12, 2008—Val 300, Mo 1B (Repnnted)

ized trial. The Japanese Pharmaceutical
Alfairs Law limits the use of placebo in
physician-initiated studies because it is
an unapproved medicine. However, the
end-point classification was conducted
by ablinded. independent committee on
validation of data and events that was un-
aware of the group assignments.

Previous clinical studies indicate that
a cardiovascular risk reduction is diffi-
cult to achieve by aggressively control-
ling plasma glucose levels in diabetic pa-
tients.™"" These studies suggested that
the contribution of lowering glucose lev-
¢ls 1o the reduction of macrovascular
events appears to be minimal, at least in
the first few years of treatment. Al-
though improved glucose control can
protect against the development of mi-
crovascular complications, the ahsence
of a reduction in macrovascular events
implicates an additive effect of nongly-
cemic risk factors that often accom-
pany diabetes, such as hypertension, hy-
petlipidemia, and hypercoagulability.
Additiunal medications such as angio-
tensin-converting enzyme inhibitors, an-
giotensin 11 type 1 receptor blockers, stat-
ins, and antiplatelet agents may be
needed in patients with type 2 diabetes
mellitus. The JPAD trial indicates that
among these medications, aspirin is well
tolerated for primary prevention and may
provide an additional low-cost option

Insummary, in the JPAD trial, the first
prospectively designed trial to evaluate
low-dose aspirin in patients with type 2
diabetes without previous cardiovascu-
lar disease, low-dose aspirin as primary
prevention did not reduce the nisk of car-
diovascular events. Despite a large sample
size, the event rate in the study was lower
than anucipated. Aspinn was well tol-
erated in these patients, as there was no
increase in hemorrhagic strokes and a
small increase in serious G| hemor-
rhagic events (4 patients required trans-
fusion). These findings should be inter-
preted in context with the low incidence
of atheroscleronc disease in Japan and the
current management practice for cardio-
vascular risk factors and suggest the need
to conduct additional studies of aspirin
for primary prevention of cardiovascu-
lar disease in diabetic patients.
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Abstract The aim of the present study is 1o clarify the
roles of circulating ADAMTS13 and von Willebrand factor
(VWF) in the formation of coronary artery thrombi in acute
myocardial infarction (AMI), Twenty-six AMI patients, 37
age-matched healthy controls, and 20 young controls were
studied. Plasma ADAMTSI13 activity and levels of VWF
antigen (VWF:Ag) and unusually large VWF multimer

(UL-VWFM) were measured in the femoral vein (FV),

aortic root (Ao), and coronary sinus (Cs) immediately
before percutaneous coronary intervention (PCI) during
the acute phase of AMI, as well as 6 months later. During
the acute phase of AMI, plasma levels of VWF:Ag were
similar in FV, Ao, and Cs, and were higher than those of
age-matched control. In contrast, ADAMTS13 activity in
three sampling points in AMI patients was similar 1o that
of age-matched controls. Thus, the ratio of VWF:Ag to
ADAMTS13 activity in the acute phase of AMI was signifi-
cantly higher in all three sampled sites than that of age-
matched controls. In the chronic phase, plasma levels of
VWF:Ag, ADAMTS13 activity, and the ratio of VWF:Ag
1o ADAMTS13 activity were similar to those of age-matched
controls. UL-VWFM was detected in the acute phase of
AMI but not in the chronic phase. The present study showed
that the plasma VWF:Ag levels are increased and
ADAMTSI13 activity is relatively decreased in both sys-
temic and coronary circulation during the acute phase of
AMI, suggesting that an imbalance between the enzyme
and its substrate may play a role in the formation of occlu-
sive thrombi in a coronary artery.
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Introduction

The rapid closure of the coronary artery by acutely formed
artenial thrombi, which are composed of platelets, fibrin,
and inflammatory cells, is the major cause of acute myocar-
dial infarction (AMI)."* Although the exact mechanism of
coronary thrombus formation is not fully understood, the
binding of von Willebrand factor (VWF) to glycoproteins
Ibee and 1Ib/111a on the surface of platelets is known to lead
to platelet activation and subsequent aggregation, which is
an initial step toward formation of coronary thrombi.'!
Earlier reports have shown that circulating levels of VWF
antigen (VWF:Ag) is elevated in patients during the acute
phase of AML," and increased levels of plasma VWF:Ag
can predict primary and secondary coronary events.”” Thus,
VWF appears to be involved in the formation of coronary
thrombi as a cause of AMI, although blocking of VWF
function has not yet been clinically proven to prevent the
onset of AMI. It is not clear, however where and how VWF
is produced during AML.

Von Willebrand factor is synthesized in vascular endo-
thelial cells and then released into the plasma as unusually
large VWF multimer (UL-VWFM)," which has most potent
biological activities mteracted with platelet, and is rapidly
degraded into smaller VWF multimers by ADAMTSI3 (a
disintegrin-like and metalloproteinase with thrombospon-
din type-1 motifs 12)," a metalloproteinase that specitically
cleaves multimeric VWF between Tyr1605 and Met1606
within the VWF A2 domain." Loss-of-function mutation of
ADAMTSI13 leads to Upshaw-Schulman syndrome, a
form of congenital thrombotic thrombocytopenic purpura
Reduction of ADAMTSI3 activity keeps circulating UL-
VWFM levels high, which leads to platelet clumping and
formation of platelet-rich thrombi, Recently, Sakai et al'
reported that UL-VWFM was detected in plasma drawn
from peripheral veins in patients with AMI. To understand
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the mechanism for the formation of coronary arterial
thrombi in AMI, we measured plasma ADAMTS13 activity
together with circulating levels of its substrate, VWF:Ag,
in three sites: the aorta (Ao) near the ostium of the
infarction-related coronary artery, the coronary sinus (Cs),
and the femoral vein (FV). Samples were taken immedi-
ately before the percutaneous transluminal coronary inter-
vention (PCI) during the acute phase of AMI and compared
with those taken during the chronic phase.

Materials and methods
Patients

We studied 26 Japanese patients with AMI (5 women and
21 men; mean age 67.8 + 11.6 years; range 38-89 years)
admitted to the Nara Medical University Hospital between
August 2004 and February 2005. The diagnosis of AMI was
based on sustained chest pain of typical character and loca-
tion, electrocardiographic ST-T elevation in two or more
leads, disrupted regional wall motion on echocardiograms,
and plasma levels of cardiac enzymes, including creatine
phosphokinase (CK) and its MB fraction, that were greater
than twice the normal upper limit. Of the 26 patients, 18
had hypertension, 21 had dyslipidemia, 13 had diabetes
mellitus, 5 were obese, and 19 smoked. All of the patients
received emergency coronary angiography and PCI within
24 h from the onset of AMI (the first symptoms). Clinical
characteristics and drugs used are summarized in Table 1.
The culprit lesions were in the right coronary artery in 6
patients, the left anterior descending coronary artery in 18,
and the left circumflex coronary artery in 2. The peak CK
level in AMI patients averaged 2960 1U/l and ranged from

Table L. Characteristics of patients with acute myocardial infarction

344 10 12930 TU/LL All of the patients received intracoronary
stents, implanted at the culprit lesions, and were subse-
quently given aspirin (81 mg/day, per os) and ticlopidine
(200 mg/day. per os) or cilostazol (200 mg/day, per os) as
antiplatelet therapy. An angiotensin-converting enzyme
inhibitor and/or angiotensin-1I receptor blocker were also
administered to all patients. In addition, 10 patients received
a -blocker, 6 a calcium channel blocker, 7 a diuretic, and
15 a statin. Six months after the first onset of AMI, coronary
angiography was again carried out in all of the patients
Written informed consent was obtained from all patients
and control subjects participating in the study. The protocol
was approved by the institutional review board of Nara
Medical University (#2002-009),

Young and age-matched healthy control subjects

Study participants included both young and age-matched
healthy control subjects. Young healthy subjects consisted
of 30 volunteers (15 women and 15 men) aged from 20 1o
39 years with a mean age of 30 + 12.0 years, and age-
matched healthy subjects consisted of 37 healthy volunteers
(19 women and 18 men) aged from 39 to 93 years with a
mean age of 64.2 + 14.0 years. Both groups had no history
of angina, myocardial infarction, coronary artery bypass
graft surgery, PCI, or any electrocardiographic abnormali-
ties. Blood samples were collected from the antecubital vein
early in the moming, before breakfast. Nine of the age-
matched controls (4 women and 5 men, mean age 48.1 £4.8
vears, range 41-52 years) were also studied to evaluate the
circadian variation of VWF:Ag and ADAMTS13 activity
in plasma. In those subjects, blood samples were collected
from the antecubital vein in the morning (09:30) and in the
evening (20:00).

Patient Age-matched control subjects P value

Age (years) 67.8 (38-89) 64.2 (39-93) 0.29
Sex (female/male) 5121 19/18 <0.01
Coronary risk factor (yesino)

Hypertension 818 037 =0.01

Dyslipidemia 21/5 2735 <001

Diabetes mellitus 13/13 3/34 <0.01

Ohesity s 7730 0,41

Smoking 197 7130 =0,01

Peak CK (IU/1) (mean) 2960 (344-12930)

Location of AMI

RCA/LADVLCx 6182
Medication (yes/no)

Aspinin 26/0
Nelopidine or Cilostazol 26/0
ACE-1 or ARB 26/0
B-Blocker 116
Calcium-antaponist 620
Diurea 719
Statin 1511

Values in parentheses indicate range

CK, creatine phosphokinase, AMI, acute myocardial infarction, RCA, right coronary artery, LAD, left anterior descending artery: LOx, left
circumflex artery; ACE-|, angiotensin-converting enzyme inhibitor; ARB, angiotensin-11 receptor blocker



Blood sampling

In the AMI patients, emergency cardiac catheterization was
performed within 90 min of their arrival in our hospital
Bleod samples were collected using a 7-F sheath inserted
into the patient's femoral vemn (FV), a 6-F Cs catheter
placed in the Cs through an FV sheath. and a 4-F Judkins
catheter placed at the Ao. Unfractionated hepann and con-
trast medium were not used before pre-PCI blood sampling
Blood was sampled at the femoral vein (FV), the aortic root
near the ostium of the infarction-related coronary artery
(Ao), and the coronary sinus vein (Cs) immediately before
and after emergency PCL Six months after the onsetl of
AMI, all 26 patients underwent a second round of coronary
angiography, at which time blood was again collected from
the same three areas. In young healthy and age-matched
control subjects, blood samples were drawn from the ante-
cubital vein, Preliminary experiments showed that there
was no difference in plasma levels of VWF:Ag and
ADAMTSI13 activity among the antecubital vein, the FV,
and the right atrium

Blood was collected into plastic tubes with 1/10th volume
of 3.8% sodium citrate. Platelet-poor plasma was prepared
by centrifugation at 3000x g at 4°C for 15 min and stored
in aliquots at =80°C until analysis.

33

Assays of ADAMTSI13 activity, VWF:Ag
and UL-VWFM

Plasma ADAMTS13 activity was determined using a highly
sensitive enzyme-linked immunosorbent assay (ELISA)
recently developed by our laboratory.” The assay system
includes a recombinant GST-VWF73-His polypeptide as a
substrate and a murine monoclonal antibody that specifi-
cally recognizes the Tyr1605 residue in the VWF-A2 domain
exposed by ADAMTSI13 cleavage; it does nol recognize the
uncleaved form of the peptide. Plasma VWF:Ag was mea-
sured by a sandwich enzyme immunoassay using rabbit anti-
human VWF polyclonal antibody (Dako, Kyoto, Japan).
Plasma ADAMTSI13 activity and VWF:Ag levels were
expressed as percentages of those of reference peripheral
plasma obtained from 20 healthy volunteers aged 20-40
years. The lower limit of the ELISA for
ADAMTSI13 activity was 0.5% of the reference peripheral
plasma activity. Plasma UL-VWFM was analyzed by sodium
dodecyl sulfate - (0.9% agarose gel electrophoresis using
| pl samples, after which VWF multimers were visualized
by Western blotting and luminography, as described
previously."

detection

Statistical analysis

The data are expressed as mean £ SD. Comparison between
acute and chronic data was performed using the paired
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vein (FV). aortic root (Ae). and coronary sinus (Cs) of the AMI
patients and penpheral blood samples collected from control subjects
Shown are means + SD; *P < 0.05 vs age-matched controls

Student’s r-test or Wilcoxon signed-rank test, when appro-
priate. Comparison among the three groups of subjects
was performed by analysis of variance. The analyses were
carried out using the statistical software Statview (version
5.0; SAS Institute, Cary, NC, USA), A P value of less than
0,05 was considered staustically significant.

Results

Differences between healthy young and
age-matched controls

Plasma levels of VWF:Ag were significantly higher in
healthy age-matched controls than in the young subjects
(151% + 58% vs 102% + 33%, P < 0.001) (Fig. 1). Con-
versely, the plasma ADAMTS13 activity was lower in the
age-matched controls than in the young subjects (51% =+
15% wvs 104% + 22%. P < 0.001), resulting in a three-fold
higher ratio of VWF:Ag to ADAMTSI3 activity in the
age-maltched controls than in young healthy controls (3.3 +
1.4 vs 1.0 203, P < 0.001) (Fig. 1).

VWF:Ag levels

During the acute phase of AMI before PCI, plasma
VWF:Ag levels were significantly higher (P < 0.01) at the
FV (211% + 75%), Ao (204% + 78%), and Cs (205% +
90%) than in peripheral blood samples from the age-
matched controls (151% + 58%) (Fig. 2a). During the
chronic phase, these values (F < (L.05) fell to levels similar
to those seen in the age-matched controls (FV, 149% *
69%; Ao, 148% £ 73%; and Cs, 133% = 52%). There also
were no differences in VWF:Ag levels among sampling
sites (Fig. 2a).

ADAMTSI13 activity

Plasma ADAMTSI3 activity did not differ among blood
samples collected from the FV, Ao, and Cs before PCI
during the acute phase of AMI (FV, 55% + 22%; Ao, 57%
+ 22%; Cs, 54% * 19%), or during the chronic phase of
AMI (FV, 51% + 19%; Ao, 52% * 17%: Cs, 51% + 22%).
In fact, all of these values were similar to ADAMTSI13
activity in peripheral blood from the age-matched controls
(51% + 15%) (Fig. 2b). Moreover, ADAMTS13 activity in
the acute phase was similar to that in the chronic phase at
cach sampling point. There was no significant inverse cor-
relation between ADAMTSI3 activity and plasma level of
VWF:Ag in the acute phase of AML

The ratio of VWF:Ag to ADAMTSI13 activity

During the acute phase of AMI, the ratio of VWF:Ag to
ADAMTS13 activity before PCT was sigmificantly higher (P
< 0.05) in the FV (4.5+24), Ao (42 % 25),and Cs (42 +
2.4) than in the peripheral blood samples from age-matched



