ORIGINAL ARTICLE

Circulation Journal
Official Journal of the Japanese Circulation Society
http://www. j-circ.or.jp

Vascular Medicine

Characterization of the Antiplatelet Effect of Aspirin
at Enrollment and After 2-Year Follow-up
in a Real Clinical Setting in Japan
Tomoyuki Ikeda, MD; Ryoji Taniguchi, MD; Shin Watanabe, MD; Mitsunori Kawato, MD;
Hirokazu Kondo, MD; Ryutaro Shirakawa, PhD; Keiichiro Yamane, MD; Masanao Toma, MD;
Toshihiro Tamura, MD; Kanako Takahashi; Haruyo Watanabe; Yuka Yoshikawa;
Arata Tabuchi, MD*; Toru Kita, MD; Takeshi Kimura, MD; Hisanori Horiuchi, MD

Background: Aspirin is an antiplatelet drug widely used for the prevention of cardiovascular diseases. It has
been reported that some patients who exhibit a reduced antiplatelet effect of aspirin have higher cardiovascular
risk. It is still controversial whether the antiplatelet effect of aspirin diminishes after a few years of treatment. This
study aimed to evaluate the antiplatelet effect of aspirin and its 2-year change in Japanese patients.
Methods and Results: Collagen-induced platelet-aggregability was measured at enrollment by conventional
optical aggregometer in 239 patients undergoing antiplatelet therapy with aspirin alone. Among them, 167 patients
were evaluated after 2 years. Whole blood aggregability based on the screen-filtration method was also evaluated.
Optical aggregometer studies showed that 27% of patients were low-responders. Multivariate analyses revealed
that female sex and non-use of calcium-channel blockers were associated with low responsiveness. The antiplatelet effect of aspirin did not decrease after 2 years. Similar data were obtained with the whole blood aggregometer.
Conclusions: In this Japanese patient group, 27% were low-responders to aspirin, and the antiplatelet effect of
aspirin did not decrease after a 2-year interval.   (Circ J 2010; 74: 1227 – 1235)
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A

spirin is an antiplatelet agent that is widely used for
the prevention of cardiovascular diseases.1 Aspirin
inhibits platelet cyclooxygenase-1 and it prevents
the formation of the pro-aggregatory substance, thromboxane A2. It has been reported that some patients who exhibit a
reduced antiplatelet effect of aspirin have higher cardiovascular risk.2–4 Another issue that has been raised regarding
aspirin therapy concerns the long-term change in its antiplatelet effect. One study has shown that the antiplatelet effect of
aspirin decreased after 2 years,5 although conflicting results
have also been reported.6 Therefore, this issue needs to be
solved at the earliest opportunity.
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Platelet aggregability is often evaluated using the optical
aggregometer developed by Born et al.7 This method contains multiple steps, including preparation of platelet-rich
plasma (PRP), and is difficult to perform in the real clinical
setting because of its complexity. To overcome this, several
methods of measuring platelet aggregability directly in whole

blood have been developed. One of them is the screen filtration pressure (SFP) method,8–10 in which whole-blood
aggregability is analyzed by measuring the absorbing pressure of agonist-stimulated whole blood through a microsieve.
We have shown in previous study of healthy subjects that
the antiplatelet effect of aspirin can be clearly evaluated with
this method.11
Several million Japanese patients are currently under aspirin therapy, mainly for the secondary prevention of ischemic
heart disease or prevention of stent thrombosis.12 However,
only a few studies have evaluated the antiplatelet effect of
aspirin in Japanese patients.13,14 Moreover, the long-term
change in the antiplatelet effect of aspirin has not been evaluated in Japanese patients. In the present study, we evaluated
the prevalence of low-responders to aspirin and the factors
affecting platelet aggregability under aspirin therapy in
Japanese patients. Furthermore, we evaluated change in the
antiplatelet effect of aspirin after a 2-year interval in a real
clinical setting in Japan.
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Methods
Study Population and Procedures
This study was approved by the Ethics Committee, Faculty of
Medicine, Kyoto University. Between May 2005 and May
2007, patients with high cardiovascular risk under antiplatelet
therapy with aspirin, ticlopidine, clopidogrel, cilostazol, sarpogrelate, beraprost sodium, dipyridamole, or ethyl icosapentate for more than 60 days were enrolled in the Anti-Platelet
Therapy Effectiveness Study (APTEST) database. Inclusion
criteria were: under antiplatelet therapy >6 months and
having at least one of the following criteria: age >70 years at
enrollment; diabetes mellitus; prior myocardial infarction or
angina before at least 6 months; prior percutaneous coronary
intervention or coronary artery bypass graft before at least
6 months; prior cerebral infarction before at least 6 months;
abdominal aorta aneurysm (≥4 cm in diameter); arteriosclerosis obliterans (Fontain grade ≥2); common or internal carotid
artery stenosis (≥70%); obstructive sleep apnea syndrome
(apnea – hypopnea index ≥20); body mass index ≥30 kg/m2;
any prior thromboembolism before at least 6 months. Exclusion criteria of the APTEST were having one or more of the
following: prior myocardial infarction, angina or cerebral
infarction within the last 6 months; age >81 years at enrollment; serum creatinine level ≥2.0 mg/dl; known liver cirrhosis; treatment with warfarin or corticosteroids; hemoglobin
level ≤10 g/dl; platelets ≤15,000/mm3 or ≥35,000/mm3; active
internal bleeding. Blood sampling was performed at enrollment and after 2 years (range, 595–948 days, mean 752±59
days). Among 440 patients enrolled in the APTEST database,
data from 239 patients treated with aspirin alone as an antiplatelet drug were analyzed for this study. Patients who met
the inclusion criteria but took no antiplatelet drugs (n=25)
were evaluated as controls after being recruited separately
from APTEST during the same period.
Patients were considered as hypertensive if their blood
pressure >140/90 mmHg on at least 2 measurements or if they
were being treated with antihypertensive drugs. Patients were
considered as hypercholesterolemic if the serum low-density
lipoprotein cholesterol level calculated by the Friedewald’s
equation, serum high-density lipoprotein level, or serum triglycerides level was >140 mg/dl, <40 mg/dl, or >150 mg/dl,
respectively or if they were being treated with lipid-lowering
agents. Patients were considered as having diabetes mellitus
if they were receiving treatment with antidiabetic drugs or
insulin. Patients on dietary treatment alone who met the
diagnostic criteria listed in the “Report of the Committee of
Japan Diabetes Society (JDS) on the classification and diagnostic criteria of diabetes mellitus”15 were also considered to
have diabetes.
Measurement of PRP Aggregation
Fasting blood samples were collected using a 21G needle,
with tourniquet, into a polyester tube containing a final solution of 0.313% sodium citrate. PRP was prepared by centrifugation at 200 g at 25°C for 15 min and platelet-poor plasma
was prepared by centrifugation at 2,000 g at 25°C for 10 min.
Because the aggregability of both the PRP and whole blood
was stable during the 60–120 min after blood collection, we
analyzed aggregability during this period.11 Platelet aggregation of PRP induced by 0.1, 0.4, 1.6, 6.4 and 25.6 mg/L horse
tendon collagen (Holm, Germany) was evaluated by optical
aggregometer, MCM HEMA TRACER 212® (MC medical,
Tokyo, Japan). The maximal platelet aggregation rates (MARs)
and the platelet-aggregation threshold index (PATI), defined
Circulation Journal

as the putative agonist-concentration giving 50% aggregation
based on the light transmission rate at 5 min after stimulation,
were evaluated as described previously.11 A lower PATI
indicates higher aggregability. PATI evaluating PRP aggregability is described here as the PRP-PATI.
Measurement of Whole Blood Aggregation
Whole-blood aggregability was measured with a whole-blood
aggregometer using the SFP method (WBA-Neo®: ISK,
Tokyo, Japan).8–10 The reaction was started by the addition
of 20μl of agonist solution to 180μl of whole blood while
constantly stirring at 37°C. The final concentrations of collagen were 0.1, 0.4, 1.6, and 6.4 mg/L. At 5 min after stimulation, the absorbing pressure of aggregated whole blood was
measured through a microsieve with 30×30μm windows, and
a negative pressure of –130 mmHg was defined as 100% of
aggregation and −6 mmHg as 0%. The latter deviation from
0 mmHg was designated because of the viscosity of unstimulated whole blood. The PATI was calculated and defined
as the WB-PATI.11 A lower WB-PATI also meant higher
aggregability.
Laboratory Testing
General serum values were measured by the SRL Laboratory
Co (Tokyo, Japan). Serum adiponectin concentrations were
measured using a commercially available enzyme-linked immunosorbent assay kit (Otsuka Life Science Initiative, Tokyo,
Japan) according to the manufacturer’s instruction.
Statistical Analysis
All statistical analyses were performed using SAS Institute
Inc JMP version 7 (Cary, NC, USA). The PRP- and WBPATI values are expressed as “medians (interquartile ranges)”
because these values were not normally distributed. All the
other continuous variables were expressed as the “mean ± SD”.
Intergroup comparison of continuous variables was analyzed
by Student’s t-test or Wilcoxon 2-sample test if not normally
distributed. Categorical variables were presented as frequency counts and percentages, and intergroup comparisons of
categorical variables were analyzed by chi-square test. The
comparisons of the values at enrollment and after 2 years
were performed by paired t-test or Wilcoxon signed-rank test
if not normally distributed. A P-value less than 0.05 was considered to be statistically significant. Pearson’s correlation
coefficient was used to assess the correlation between the
MARs at enrollment and after 2 years, between the log-transformed values of PRP-PATI and WB-PATI, between the
PRP-PATI values at enrollment and after 2 years, and between
the WB-PATI values at enrollment and after 2 years. Because
the PRP-PATI and WB-PATI values were not normally distributed, they were log-transformed in order to use Pearson’s
correlation coefficient. A multivariate logic regression analysis was used to identify clinical predictors of aspirin lowresponders.

Results
Clinical Characteristics of the Study Patients
Among the 440 patients enrolled in the APTEST database,
results from 239 patients under treatment with aspirin alone
as an antithrombotic drug were analyzed. These 239 patients
whose platelet aggregability was evaluated at enrollment
were defined as the aspirin group 1.
Among the evaluated 239 patients under aspirin therapy
at enrollment, we had data for 180 patients after the 2-year
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Table 1. Clinical Characteristics and Medications of the Study Patients
Aspirin group 1
(n=239)

Aspirin group 2
(n=167)

Control group
(n=25)

   Age, years

68.5±8.0

68.1±8.1

68.1±9.0

   Body mass index (kg/m2)

23.4±3.1

23.7±3.1†

22.2±3.0

   Male

166 (69%)††

119 (71%)††

  6 (25%)

General characteristics

Risk factors
   Hypertension

202 (85%)

142 (85%)

18 (75%)

   Diabetes

106 (44%)††

  71 (43%)††

  3 (13%)
17 (71%)

   Hyperlipidemia

184 (77%)

136 (81%)

   Smoking habit

  31 (13%)

  23 (14%)†

1 (4%)

   Family history of cardiovascular disease

  86 (37%)

  58 (36%)

  7 (33%)

   No. of risk factors
     0

  4 (2%)

  3 (2%)

0 (0%)

     1

  25 (11%)

  17 (11%)

  5 (26%)

     2

  79 (34%)

  55 (34%)

  8 (42%)

     3

  84 (37%)

  57 (35%)

  6 (31%)

     4

  33 (14%)

  25 (16%)

0 (0%)

     5

  5 (2%)

  4 (2%)

0 (0%)

   Ischemic heart disease

151 (63%)††

108 (65%)††

2 (8%)

Medications
   β-blocker

  77 (32%)

  55 (33%)

  5 (21%)

   Calcium-channel blocker

142 (59%)

106 (63%)

14 (58%)

   ACE inhibitor

  31 (13%)

  26 (17%)

1 (4%)

   ARB

  98 (41%)

  69 (41%)

  6 (25%)

   Statin

162 (68%)

122 (73%)

15 (63%)

96±28

95±27

   Aspirin dosage (mg/day)

Continuous variables are expressed as mean ± SD. Categorical variables are presented as frequency counts
(percentages).
†P<0.05 vs Control group, ††P<0.01 vs Control group.
ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blocker.

Table 2. Hematologic Data of Study Patients
Aspirin group 1

Aspirin group 2

Control group

Platelet number (×103 /μl)

215±43

218±45

214±44

Red blood cell count (×104 /μl)

449±44

452±42

442±39

Creatinine (mg/dl)

0.83±0.21††

0.83±0.22††

0.68±0.20

Total cholesterol (mg/dl)

181±29

179±29†

192±29

Triglycerides (mg/dl)

113±64

116±68

102±49

52±12

52±12

57±12

Fasting blood glucose (mg/dl)

113±29

111±27

106±23

HbA1c (%)

6.26±1.13

6.17±1.09

5.97±0.77

5.7±1.2

5.8±1.3

5.3±1.3

  79.0±117.8

66.1±85.7

54.0±40.0

HDL-cholesterol (mg/dl)

Uric acid (mg/dl)
BNP (pg/ml)
Adiponectin (μg/ml)
High sensitive CRP (ng/dl)

9.7±7.8

9.7±7.3

10.2±7.6

1,813±9,524

  2,085±11,332

1,363±3,191

†P<0.05

vs Control group, ††P<0.01 vs Control group.
HDL, high-density lipoprotein; HbA1c, hemoglobin A1c; BNP, brain natriuretic peptide; CRP, C-reactive protein.

interval because 24 patients were lost to follow-up during
this period, 4 patients started treatment with warfarin, an
exclusion criterion of the study during follow-up, 11 patients
did not agree to blood sampling, 4 patients died and 16
patients were not evaluated for technical reasons. We also
excluded 5 patients who started taking other antiplatelet drugs
during the 2-year period and 8 patients who had cardiovascular events. After these exclusions, we analyzed the data
for remaining 167 patients to evaluate the change in the antiCirculation Journal

platelet effect of aspirin at 2 years (595–948 days, 752±59
(mean ± SD) days). The 167 patients whose platelet aggregability was evaluated at both enrollment and after 2 years
were defined as the aspirin group 2. The platelet aggregability of the 25 control patients was also analyzed at enrollment
and after 2 years.
The baseline characteristics and medications of each group
are shown in Table 1. The baseline characteristics of the
aspirin groups 1 and 2 did not notably differ from each other.
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PRP-PATI (mg/l)

10

1.0 mg/l

1

0.1

1.20 (0.97-1.65) mg/l

0.26 (0.18-0.74) mg/l

Aspirin Group 1

Control Group

0.01

Figure 1. PRP-PATI values of the
aspirin group 1 (Left) and the control group (Right) at enrollment. The
239 patients under aspirin therapy
whose platelet aggregability was
evaluated at enrollment were defined
as the aspirin group 1. The dotted line
represents the median value. The
PRP-PATI values of each group are
expressed as “median (interquartile
range)”. PRP-PATI 1.0 mg/L was determined as the cut-off value for distinguishing aspirin intake in our previous study,11 so in the present study
patients with PRP-PATI <1.0 mg/L
were defined as low-responders to
aspirin. The PRP-PATI values are
plotted on a logarithmic scale. PRPPATI, platelet-rich plasma – plateletaggregation threshold index.

Table 3. Analysis for Aspirin Low-Responders Defined by PRP-PATI
Low responders
(n=67)

Others
(n=172)

Univariate
P value

Multivariate
P value

OR (95%CI)

0.001

2.88 (1.53–5.48)

General characteristics
   Age (years)

69.2±1.0

68.5±0.6

0.54

   Height (m)

1.60±0.01

1.62±0.01

0.07

   Body weight (kg)

62.0±0.9

60.1±1.4

0.25

   Body mass index (kg/m2)

23.4±0.4

23.4±0.2

53%

75%

0.0018

   Hypertension

81%

86%

0.32

   Diabetes

42%

46%

0.56

0.86

1.06 (0.57–1.96)

   Hyperlipidemia

69%

80%

0.087

0.82

1.05 (0.46–2.61)

   Family history

38%

36%

0.88

   Smoking habit

10%

14%

0.67

0.92

1.05 (0.42–2.87)

   Ischemic heart disease

55%

66%

0.14

   β-blocker

32%

31%

0.7

   Calcium-channel blocker

45%

65%

0.005

0.01

2.17 (1.19–4.01)

   ACE inhibitor

10%

14%

1

   ARB

39%

42%

0.66

   Statin

57%

72%

0.03

0.11

1.91 (0.86–4.23)

92±3

98±2

0.12

   Male

0.93

Risk factors

Medications

   Aspirin dosage (mg/day)

PRP-PATI, platelet-rich plasma – platelet-aggregation threshold index; OR, odds ratio; CI, confidence interval. For
other abbreviations see Table 1.

The control group contained more females than the aspirin
groups and the patients in the control group had fewer coronary risk factors than those in the aspirin groups. There were
no significant differences in medications, except for aspirin
use, between the aspirin groups and the control group. Standard laboratory data of the 2 aspirin groups and the control
group were similar, except for slight but statistically sigCirculation Journal

nificant changes in the levels of serum creatinine (aspirin
groups 1 and 2 vs control group) and total cholesterol (aspirin
group 2 vs control group) (Table 2).
Prevalence of Aspirin Low-Responders in Japanese Patients
We have previously reported that in a study of healthy subjects the PRP-PATI values were well correlated with the
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Table 4. Comparisons of Data Obtained at Enrollment and After 2 Years
At enrollment

After 2 years

Platelet number (×103 /μl)

218±45

214±44

0.1

Red blood cell count (×104 /μl)

452±42

452±48

0.98

Creatinine (mg/dl)

0.83±0.22

0.88±0.27

<0.0001

Total cholesterol (mg/dl)

179±29

178±30

0.51

Triglycerides (mg/dl)

116±68

115±67

0.71

52±12

52±13

0.82

Fasting blood glucose (mg/dl)

111±27

111±34

0.63

HbA1c (%)

6.17±1.09

6.08±0.98

0.03

5.8±1.3

5.9±1.2

0.25

66.1±85.7

65.4±78.6

0.9

  2,085±11,332

1,542±6,961

0.6

HDL-cholesterol (mg/dl)

Uric acid (mg/dl)
BNP (pg/ml)
High-sensitivity CRP (ng/ml)

P value

For abbreviations see Table 2.

A

20.4 ± 10.4%

Maximal aggregation rate (%)

100

18.4 ± 13.0%

P = 0.045

66.2 ± 13.8%

P = 0.47

80

60

40

20

0

At Enrollment

After 2 years

Aspirin Group 2

B

1.25 (0.98-1.75) mg/l

10

PRP-PATI (mg/l)

66.1 ± 23.1%

At Enrollment

After 2 years

Control Group

1.47 (1.08-2.47) mg/l 0.26 (0.18-0.74) mg/l

P < 0.0001

0.26 (0.08-0.29) mg/l

P = 0.11

1

1.0 mg/l

0.1

0.01

At Enrollment

After 2 years

Aspirin Group 2

At Enrollment

After 2 years

Control Group

MARs, and that the PRP-PATI could be a better indicator for
distinguishing aspirin intake than the MARs.11 In that report,
we proposed that the cut-off value for distinguishing aspirin
intake was the PRP-PATI value of collagen concentration
at 1.0 mg/L (specificity 91%, sensitivity 100%). Because the
platelet aggregability of the patients with a PRP-PATI
Circulation Journal

Figure 2. Platelet aggregability at
enrollment and after 2 years in
167 patients under aspirin therapy
defined as aspirin group 2. (A)
MARs induced by 0.4 mg/L collagen at enrollment and after 2 years
were compared. The dotted line of
each group represents the mean
values. The MARs are expressed
as the means ± SD. (B) PRP-PATI
values at enrollment and after 2
years were compared. The dotted
line of each group represents the
median values. PRP-PATI values
are expressed as “median (interquartile range)” and plotted on a
logarithmic scale. The patients with
PRP-PATI <1.0 mg/L were defined
as low-responders to aspirin in
this study. PRP-PATI, platelet-rich
plasma – platelet-aggregation
threshold index; MARs, maximal
aggregation rates.

<1.0 mg/L was within the same level as that of patients not
taking aspirin, we defined patients with PRP-PATI <1.0 mg/L
as low-responders to aspirin in this study.
The PRP-PATI value of the 239 patients in the aspirin group
1 was 1.20 (0.97–1.65) (median (interquartile range)) mg/L
while that of the control group was 0.26 (0.18–0.74) mg/L.
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Maximal aggregation rate after 2 years (%)

A
100
80
60
y = 7.41 + 0.53x
r = 0.42
p<0.0001

40
20
0

0

20

40

60

80

100

Maximal aggregation rate at enrollment (%)

log10 (PRP-PATI after 2 years)

B

1

0

-1

-2
-1.0

y = 0.10 + 0.61x
r = 0.45
p < 0.0001
-0.5

0.0

0.5

1.0

log10 (PRP-PATI at enrollment)

Figure 3. Correlation between platelet
aggregability at enrollment and after
2 years. (A) Scatter plots of the association between the MARs at enrollment
and after 2 years. (B) Scatter plots of
the association between the PRP-PATI
values at enrollment and after 2 years.
The PRP-PATI values were log-transformed. PRP-PATI, platelet-rich plasma  –
platelet-aggregation threshold index;
MARs, maximal aggregation rates.

Among the 239 patients under aspirin therapy, 67 (27%)
had a PRP-PATI value for collagen <1.0 mg/L (ie, low-responders to aspirin) and in the control group, 24 (96%) had
PRP-PATI values <1.0 mg/L (Figure 1).

ratio (OR) 2.88, 95% confidence interval (CI) 1.53–5.48, P=
0.001) and non-use of CCBs (OR 2.17, 95%CI 1.19–4.01,
P=0.01) were significantly associated with a low response to
aspirin (Table 3).

Characteristics of Patients With Insufficient Antiplatelet
Effect of Aspirin
The 67 patients who had PRP-PATI values <1.0 mg/L were
defined as low responders. Univariate analysis revealed that
female sex, non-use of calcium-channel blockers (CCB), and
non-use of statins were associated with low response to
aspirin (Table 3). Because hyperlipidemia,16 diabetes mellitus17 and smoking habit18 are reportedly associated with low
response to aspirin, multivariable analysis was performed
using the variables that were significantly different by the univariate analysis as well as these 3 variables. Female sex (odds

Evaluation of the Antiplatelet Effect of Aspirin at Enrollment
and After 2 Years
We evaluated the change in the antiplatelet effect of aspirin
after a 2-year interval in the 167 patients in the aspirin group
2. The general laboratory data at enrollment and after 2 years
were similar, except for serum creatinine levels and hemoglobin A1c levels, although the changes were minimal (Table 4).
In aspirin group 2, the MARs induced by 0.4 mg/L collagen
was 20.4±10.4% at enrollment and 18.4±13.0% after 2 years
and the respective values for the control group were 66.1±
23.1% and 66.2±13.8% (Figure 2A). Thus, platelet aggre-

Circulation Journal
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A

1
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y = -0.18 + 0.72x
r = 0.83
p < 0.0001

0

-1

-1

0

1

log10 (PRP-PATI)

B

0.99 (0.70-1.09) mg/l

P < 0.0001

10

WB-PATI (mg/l)

1.06 (0.79-1.12) mg/l 0.23 (0.17-0.28) mg/l

P = 0.50

1

0.7 mg/l

0.1

0.01

At Enrollment

After 2 years

At Enrollment

Aspirin Group 2

log10 (WB-PATI after 2 years)

C

0.27 (0.09-0.29) mg/l

After 2 years

Control Group

1

0

-1

-2

y = 0.23 + 0.57x
r = 0.37
p<0.0001
-1

0

1

log10 (WB-PATI at enrollment)

gability under aspirin therapy evaluated with MARs decreased, rather than increased, after the 2-year interval.
The PRP-PATI values increased significantly from 1.25
(0.98–1.75) mg/L at enrolment to 1.47 (1.08–2.47) mg/L after
the 2-year interval, whereas in the control group they did not
Circulation Journal

Figure 4. Analysis using the WB-PATI
values measured with the wholeblood aggregometer. (A) Scatter plots
of the association between the PRPPATI and WB-PATI values at enrollment.
Both values were log-transformed.
(B) WB-PATI values at enrollment and
after 2 years. The 167 patients under
aspirin therapy whose platelet aggregability was evaluated both at time
points were defined as aspirin group
2 and their WB-PATI values were compared. The dotted line of each group
represents the median values. The
WB-PATI values were plotted on a
logarithmic scale and expressed as
“medians (interquartile ranges)”. Patients with WB-PATI values <0.7 mg/L
were defined as low-responders to
aspirin in this study. (C) Scatter plots
of the association between the WBPATI values at enrollment and after
2 years. The WB-PATI values were logtransformed. WB-PATI, whole blood –
platelet-aggregation threshold index.

change significantly: 0.26 (0.18–0.74) mg/L and 0.26 (0.08–
0.29) mg/L, respectively (Figure 2B). Thus, in the aspirin
group 2, platelet aggregability did not increase but even
decreased during the 2-year interval.
To analyze the change in the aspirin effect in individual
Vol.74, June 2010
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patients, the correlation between platelet aggregability at
enrollment and after 2 years was assessed by Pearson’s correlation coefficient. The MARs at enrollment were positively associated with those after 2 years (r=0.42, P<0.0001;
Figure 3A). The log-transformed values of the PRP-PATI
values at enrollment were also associated with those after
2 years (r=0.45, P<0.0001; Figure 3B). Thus, the antiplatelet
effect of aspirin appears to be individual-specific over 2 years.
Analysis With Whole-Blood Aggregometer
In this study, we also analyzed whole-blood aggregability
based on the SFP method, a procedure that does not require
PRP preparation. The WB-PATI values correlated well with
the PRP-PATI values in our previous study of healthy subjects.11 In order to clarify whether it is also the case in the
clinical setting, we assessed the correlation between the
WB-PATI and PRP-PATI values in this study. As shown in
Figure 4A, the log-transformed values of the WB-PATI
values of the all patients evaluated at enrollment (aspirin
group 1+ control group) correlated well with the PRP-PATI
values (r=0.83, P<0.0001). Thus the WB-PATI values correlated well with the PRP-PATI values not only in healthy
subjects but also in patients in a real clinical setting.
The cut-off value of the WB-PATI value to detect aspirin
intake has been determined as 0.7 mg/L (specificity 94%,
sensitivity 97%) in our previous study of healthy subjects.11
Among the 239 patients under aspirin therapy, 64 (26%) had
a WB-PATI value for collagen <0.7 mg/L, making them
potential low responders to aspirin. The prevalence was similar to that defined by the PRP-PATI.
Furthermore, the WB-PATI values for collagen at enrollment and after 2 years were 0.99 (0.70–1.09) mg/L and 1.06
(0.79–1.12) mg/L, respectively, indicating that the antiplatelet effect of aspirin after 2 years (P<0.0001) also increased in
the analysis using the whole-blood aggregometer (Figure 4B).
The log-transformed values of the WB-PATI values at enrollment were positively associated with those after 2 years
(r=0.37, P<0.0001; Figure 4C).
Thus, the results evaluated by the PRP-PATI values were
reconfirmed by the analysis of the WB-PATI values regarding the prevalence of low-responders to aspirin and the
2-year change in the aspirin effect.

Discussion
In the present study we demonstrated a prevalence of lowresponders to aspirin of 27% in Japanese patients by our
criterion, and that female sex and non-use of CCBs are associated with a low response to aspirin. Furthermore, the antiplatelet effect of aspirin did not decrease after a 2-year period.
The data obtained by whole-blood aggregometer exhibited
similar results.
Although aspirin is an antiplatelet drug widely used for
the prevention of cardiovascular diseases, all patients do not
exhibit a uniform antiplatelet effect and a low response to
aspirin is associated with a higher cardiovascular risk.2–4,19
Therefore, a current issue is the variability of the antiplatelet
effect of aspirin and also which factors influence that effect.
We previously reported that 90% of healthy subjects have a
PRP-PATI >1.0 mg/L on day 14 after starting aspirin intake.11
Therefore, in the present study, we defined patients with a
PRP-PATI <1.0 mg/L as low-responders to aspirin. Using
this cut-off point, the proportion of patients with insufficient
antiplatelet effect of aspirin was 27%. In other words, these
patients exhibited a platelet aggregability that was almost
Circulation Journal

the same as that of patients not taking aspirin. Thus, approximately 25% of Japanese patients in the real clinical setting
might be low responders.
Several factors could cause a low response to aspirin. In
previous studies, noncompliance, drug interactions, mainly
with nonsteroidal antiinflammatory drugs, inadequate dosing,
female sex, smoking, hyperlipidemia, and diabetes mellitus
have been reported as risk factors for a low response to aspirin.16–18,20–22 In the present study, multivariate analysis of the
PRP-PATI values revealed that female sex (OR 2.88, 95%CI
1.53–5.48, P=0.001) and non-use of CCBs (OR 2.17, 95%CI
1.19–4.01, P=0.01) were significantly associated with a
decreased antiplatelet effect of aspirin (Table 3). CCBs are
reported to inhibit platelet aggregation through enhancing
nitric oxide synthase activity,23,24 so they might enhance the
antiplatelet effect of aspirin through that mechanism. Further
study of the influence of CCBs on the antiplatelet effect of
aspirin is required. In the present study, there were not significant differences between the dosage of aspirin, smoking
habit, hyperlipidemia, and diabetes mellitus.
There are a few previous studies that have analyzed the
long-term effect of aspirin. Berglund and Wallentin6 measured the platelet aggregability of 193 patients with unstable
angina before and after 5 days, and 1, 12, 18, and 24 months
of aspirin therapy. Collagen-induced platelet aggregability
was similarly inhibited throughout the study period without
attenuation. On the other hand, Pulcinelli et al5 analyzed the
long-term effect of aspirin in 150 patients with recent atherothrombosis before and after 2, 6, 12, and 24 months of aspirin therapy The maximal aggregation rates were 88.2±21.8%
before treatment, 37.9±24.4% after 2 months, 46.1±27.1%
after 6 months, 48.7±27.6% after 12 months, and 61.9±23.9%
after 24 months. In their study, the collagen-induced platelet
aggregation after 2 years was significantly higher than that
observed at 2 months after starting aspirin. Therefore, physicians have become suspicious about the long-term effect of
aspirin, which is quite an important clinical issue, because
we need to improve or change aspirin therapy if it antiplatelet effect gradually decreases with time. In the present
study, however, we demonstrated that the antiplatelet effect
of aspirin did not deteriorate, and even improved, after a
2-year follow-up, which indicates that when we use aspirin
for long-term prevention of cardiovascular disease, we might
not have to consider changing aspirin for other antiplatelet
drugs to avoid the deterioration in antiplatelet effect. In this
study we evaluated patients who took aspirin for more than
6 months, whereas the aforementioned 2 studies addressed
the first 24 months of aspirin therapy, so it may be difficult
to compare these studies directly. Nevertheless, in terms of
the long-term change in aspirin effect, our study clearly demonstrated that there was no decrease in the effect over 2 years.
The reason why the antiplatelet effect of aspirin increased
is unclear, but it may be related to lifestyle change and/or
improved drug compliance during the 2-year follow-up.
In the present study, we also analyzed whole-blood aggregability based on the SFP method, which has fewer preparation steps than the PRP preparation and so could be easier
and more feasible to use in the clinical setting. The WB-PATI
values measured by the whole-blood aggregometer correlated
well with the PRP-PATI values by conventional optical
aggregometer in our previous study of healthy subjects.11 In
the present study, we evaluated the effect of aspirin with this
method in a real clinical setting and the WB-PATI values were
also well correlated with the PRP-PATI values (Figure 4A).
The ratio of patients with an insufficient antiplatelet effect
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of aspirin was 26% by this method, which was similar to
the result using the PRP-PATI values (27%). The WB-PATI
at enrollment was higher than that after 2 years, as with the
PRP-PATI. Thus, similar results were obtained from analysis of the PRP-PATI values. Evaluation by whole-blood
aggregometer could be a more feasible and useful method
of monitoring the aspirin effect in actual clinical settings.
Because aspirin is an inhibitor of cyclooxygenase-1, the
antiplatelet effect of aspirin might not be directly evaluated
by measuring collagen-induced platelet aggregation. However, evaluation of ex-vivo collagen induced platelet aggregation can clearly distinguish pre and post aspirin intake and
has been used to evaluate the aspirin effect in many other
studies,16,17,25–27 as well as by us.11 Therefore, we used collagen as an agonist in this study.
In conclusion, the antiplatelet effect of aspirin could be
insufficient in one-fourth of Japanese patients in the real clinical setting. The antiplatelet effect of aspirin might last for at
least 2 years in patients who take aspirin for more than 6
months. Furthermore, the WB-PATI was well correlated with
the PRP-PATI in the real clinical setting of the present study.
Therefore, evaluation of aspirin therapy using the wholeblood aggregometer may feasible in the clinical setting.
Study Limitations
Because we enrolled the patients undergoing aspirin therapy
for more than 6 months, the duration of therapy before enrollment may have varied. Another limitation is that this study
was performed at a single center.
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