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Background: The predicting bleeding complications in patients undergoing stent implantation and subse-
quent dual antiplatelet therapy (PRECISE-DAPT) score predicts the risk of bleeding in patients treated
with dual antiplatelet therapy after percutaneous coronary intervention. Although the PRECISE-DAPT
score is expected to be useful beyond its original field, long-term prognostic value of this score in patients
with acute myocardial infarction (AMI) remains unclear. In the current study, we aimed to investigate the
performance of the PRECISE-DAPT score in predicting the long-term prognosis in patients with AMI.
Methods and results: Consecutive 552 patients with AMI, who had been discharged from our institution,
were enrolled. We divided the patients into three groups, based on their PRECISE-DAPT scores: the low
(PRECISE-DAPT < 17), intermediate (17–24) and high (�25) score groups. Kaplan-Meier analysis (mean
follow-up 1424 days) revealed that all-cause mortality increased most steeply in the high score group fol-
lowed by the intermediate and low score groups (P < 0.001). After adjusting for possible confounding fac-
tors, mortality of the intermediate or high score groups were higher than those of low score group (HR
2.945, 95% CI 1.182–7.237, P = 0.020, and HR 5.567, 95% CI 2.644–11.721, P < 0.001, respectively).
Conclusions: In patients with AMI, a high PRECISE-DAPT score was associated with higher long-term all-
cause mortality. PRECISE-DAPT score is useful for predicting all-cause mortality, as well as risk stratifica-
tion of bleeding.
� 2020 Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction the use of the PRECISE-DAPT score for bleeding risk stratification,
In recent years, the incidence and mortality of acute myocardial
infarction (AMI) have been declining. [1,2] However, in spite of
recent advances in percutaneous coronary intervention (PCI) tech-
niques and devices, patients with AMI still have a higher mortality
than that of the general population. [2] Therefore, early risk strat-
ification is important to predict outcomes in patients with AMI.

The predicting bleeding complications in patients undergoing
stent implantation and subsequent dual antiplatelet therapy
(PRECISE-DAPT) score was developed to predict the bleeding risk
in patients treated with dual antiplatelet therapy (DAPT) after
PCI. This score is calculated by five items (age, white blood cell
count, hemoglobin level, creatinine clearance, and history of spon-
taneous bleeding) and patients with a score of �25 are at a high
risk of bleeding. [3] The current guidelines have recommended
and a score of � 25 indicates that the DAPT period should be
shorter 3 to 6 months than that in patients with a score of < 25.
[4–6] Although the PRECISE-DAPT score is expected to be useful
beyond its original field, long-term prognostic value of this score
in patients with AMI remains unclear. Thus, the aim of the present
study was to assess the performance of the PRECISE-DAPT score in
predicting the long-term prognosis in patients with AMI.

2. Methods

2.1. Subjects and study protocol

The current study was a prospective observational one, which
enrolled a total of 552 consecutive patients with AMI, who had
been hospitalized and discharged from Fukushima Medical Univer-
sity between January 2010 and September 2018. The diagnosis of
AMI was made based on the World Health Organization (WHO)
multinational monitoring of trends and determinants of cardiovas-
cular disease (MONICA) criteria. [7] Patients needed to be
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registered within 72 h after the onset of symptoms if their level of
creatine phosphokinase (CK) or its MB isoform (CK-MB) increased
to more than twice the normal range, as previously reported. [8]

The PRECISE-DAPT score was calculated for each patient using
web calculator (http://www.precisedaptscore.com) before hospital
discharge. We divided the patients into three groups based on their
PRECISE-DAPT score, as previously reported [3]: the low (PRECISE-
DAPT < 17, n = 210), intermediate (17–24, n = 87) and high (�25,
n = 255) score groups. We compared the clinical features, labora-
tory data and echocardiographic data, as well as the treated culprit
lesion and therapies among the groups.

The patients were followed up until August 2019 for all-cause
death. The status and/or dates of death of all patients were
obtained from the patients’ medical records, the attending physi-
cians at the patient’s referring hospital, or by contacting the
patients by telephone. We were able to follow up all patients. Sur-
vival time was calculated from the date of hospitalization until the
date of death or last follow-up. Written informed consent was
obtained from all study subjects at discharge. The study protocol
was approved by the Ethics Committee of Fukushima Medical
University, and was carried out in accordance with the principles
outlined in the Declaration of Helsinki. Reporting of the study con-
forms to STROBE, along with references to STROBE and the broader
EQUATOR guidelines. [9]

2.2. Co-morbidities and previous history

Co-morbidities were defined as previously reported. [10] A
smoker was defined as a patient with a current smoking habit or
a habit that had been discontinued � 6 months before hospitaliza-
tion. Hypertension was defined as the recent use of antihyperten-
sive drugs, a systolic blood pressure of � 140 mmHg, and/or a
diastolic blood pressure of � 90 mmHg. Diabetes mellitus was
defined as the recent use of antidiabetic drugs, a fasting blood glu-
cose value of � 126 mg/dl, and/or a hemoglobin A1c value
of � 6.5%. Dyslipidemia was defined as the recent use of
cholesterol-lowering drugs, a triglyceride value of � 150 mg/dL, a
low-density lipoprotein cholesterol value of � 140 mg/dL, and/or
a high-density lipoprotein cholesterol value of < 40 mg/dL. Chronic
kidney disease was defined as an estimated glomerular filtration
rate of < 60 ml/min/1.73 cm2. Anemia was defined as hemoglobin
levels of < 12.0 g/dl in females and < 13.0 g/dl in males. [11] Atrial
fibrillation was identified by an electrocardiogram performed dur-
ing hospitalization and/or from medical records.

2.3. Laboratory data and Echocardiography

After primary PCI, blood samples were obtained every 3 h, and
the peak CK and CK-MB levels of each sample were measured.
Blood samples for calculating PRECISE-DAPT score were obtained
at hospital discharge. Echocardiography was performed blindly
by experienced echocardiographers to assess left ventricular ejec-
tion fraction (LVEF) using the modified Simpson’s biplane method.
All measurements were performed using ultrasound systems
(ACUSON Sequoia, Siemens Medical Solutions USA, Inc., Mountain
View, CA, USA).

2.4. Lesions and therapies

Multivessel disease was defined as the presence of lesions
with � 75% stenosis in a non-infarct-related coronary artery. [12]
ST-elevated myocardial infarction (STEMI) was defined as ST-
segment elevation � 0.1 mV (�0.2 mV for leads V1-V3) in two or
more contiguous leads. [12] Since the present study was an obser-
vational cohort study, treatment was selected at each physician’s
discretion. Door to balloon time was defined as the duration
between patient hospital arrival and reperfusion of the culprit
coronary artery. Unless there were serious complications, duration
of DAPT periods were three months for bare-metal stent and one
year for drug-eluting stent, regardless of anticoagulation. After
that, an aspirin or a P2Y12 inhibitor has been continued.

2.5. Statistical analysis

Quantitative variables are presented as mean ± SD (for normal
distribution of data) or median with interquartile range (for non-
normal distribution of data). The categorical variables are
expressed as numbers and percentages, and the chi-square test
was used for comparisons. We used analysis of variance followed
by Bonferroni’s post-hoc test. The Kaplan-Meier method was used
for presenting the mortality, with the log-rank test. The prognostic
value was tested by univariate and multivariate Cox proportional
hazard analyses. The univariate Cox proportional hazard analysis
was conducted for possible clinically relevant variables. Because
of multicollinearity between PRECISE-DAPT score and its compo-
nents (age, white blood cell count, hemoglobin level, and crea-
tinine clearance), these components were not included in Cox
proportional hazard analysis. The proportional hazards assumption
for model was checked by examining log minus-log transformed
data. The Kaplan-Meier estimates of the survival curves for three
groups were plotted against the time to follow-up period. These
curves help in identifying non-proportionality patterns in hazard
function such as convergence (difference in risk among the groups
decreases with time), divergence, or crossing of the curves. In addi-
tion, the Schoenfeld test for violation of proportional hazards,
which assesses the correlation between scaled residuals and time,
was also conducted. To assess the PRECISE-DAPT score for predict-
ing mortality, we also estimated the areas under the curves (AUC)
of the receiver operating curve (ROC) to compare the PRECISE-
DAPT score with its components (age, white blood cell count,
hemoglobin, and creatinine clearance) using the DeLong test. A
value of P < 0.05 was considered statistically significant for all com-
parisons. These analyses were performed using a statistical soft-
ware package (SPSS ver. 25.0, IBM, Armonk, NY, USA).
3. Results

3.1. Clinical characteristics

Comparison of clinical characteristics in the low, intermediate,
and high PRECISE-DAPT score groups are shown in Table 1. Over
40% of the 552 AMI patients had PRECISE-DAPT � 25, and were
therefore classified as being at high risk of bleeding. The high score
groupwas significantly older and had a higher prevalence of female
gender, chronic kidney disease, anemia, atrial fibrillation and previ-
ous coronary artery bypass graft, and had a lower body mass index
and lower prevalence of smokers and dyslipidemia, and lower levels
of white blood cells, hemoglobin and creatinine clearance. Regard-
ing lesions and therapies, the high score group had a higher number
of diseased vessels, higher prevalence of no-infarct left main trunk
lesion, and longer door-to-balloon time. Peak CK was significantly
higher in the intermediate score group. In addition, the high score
group was less likely to require the use of renin-angiotensin system
inhibitors and statins. In contrast, LVEF, prevalence of STEMI, and
CK-MB level did not differ among the three groups.

3.2. Follow-up

During the follow up period (mean 1424 days), there were 88
all-cause deaths, including 24 cardiac deaths and 4 bleeding-
related deaths. In the Kaplan-Meier analysis, as shown in Fig. 1,
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Table 1
Comparisons of clinical characteristics of patients according to PRECISE-DAPT score (n = 552).

Low-score
(PRECISE-DAPT < 17, n = 210)

Intermediate score
(PRECISE-DAPT 17–24, n = 87)

High score
(PRECISE-DAPT �25, n = 255)

P-value

PRECISE-DAPT score 9.1 ± 5.3 20.9 ± 2.1** 37.6 ± 11.1**yy <0.001
Age (years) 55.9 ± 9.0 69.7 ± 5.5** 76.4 ± 9.3**yy <0.001
Male gender (n, %) 191 (91.0) 67 (77.0) 174 (68.2) <0.001
Body mass index (kg/m2) 25.4 ± 3.7 23.8 ± 3.1** 23.2 ± 3.6** <0.001
Current smoker (n, %) 169 (80.5) 55 (63.2) 139 (54.5) <0.001
Co-morbidity or previous history
Hypertension (n, %) 169 (80.5) 72 (82.8) 216 (84.7) 0.485
Diabetes (n, %) 109 (51.9) 38 (43.7) 127 (49.8) 0.434
Dyslipidemia (n, %) 205 (97.6) 83 (95.4) 228 (89.4) 0.001
Chronic kidney disease (n, %) 33 (15.7) 35 (40.2) 143 (56.1) <0.001
Anemia (n, %) 41 (19.5) 36 (41.4) 167 (65.5) <0.001
Atrial fibrillation (n, %) 17 (8.1) 10 (11.5) 53 (20.8) <0.001
Previous MI (n, %) 11 (5.2) 4 (4.6) 20 (7.8) 0.398
Previous PCI (n, %) 12 (5.7) 6 (6.9) 287 (11.0) 0.108
Previous CABG (n, %) 0 (0.0) 0 (0.0) 6 (2.4) 0.029
Laboratory data
White blood cell (/lL) 6767 ± 2087 6332 ± 1722 6305 ± 2318 0.055
Hemoglobin (g/dL) 13.7 ± 1.4 12.8 ± 1.4** 11.4 ± 1.8**yy <0.001
Creatinine clearance (mL/min) 93.7 ± 22.8 67.4 ± 16.2** 49.4 ± 20.4**yy <0.001
Echocardiography
LVEF (%) 49.3 ± 17.7 49.5 ± 16.6 47.1 ± 19.8 0.361
Lesion characteristics
Number of diseased vessels <0.001
1 vessel (n, %) 125 (59.5) 40 (46.0) 93 (37.2)
2 vessels (n, %) 49 (23.3) 33 (37.9) 87 (34.8)
3 vessels (n, %) 33 (15.7) 14 (16.1) 68 (27.2)
0 vessel (n, %) 3 (1.4) 0 (0.0) 2 (0.8)
Unknown (n, %) 0 (0.0) 0 (0.0) 5 (2.0)
No-infarct LMT lesion (n, %) 4 (1.9) 4 (4.6) 17 (6.8) 0.043
No-infarct CTO lesion (n, %) 12 (5.7) 8 (9.2) 29 (11.4) 0.102
Culprit lesion <0.001
LAD (n, %) 109 (51.9) 43 (49.4) 96 (37.6)
LCx (n, %) 30 (14.3) 18 (20.7) 32 (12.5)
RCA (n, %) 64 (30.5) 24 (27.6) 108 (42.4)
LMT (n, %) 4 (1.9) 2 (2.3) 12 (4.7)
CSA (n, %) 3 (1.4) 0 (0.0) 2 (0.8)
STEMI (n, %) 155 (73.8) 71 (81.6) 196 (76.9) 0.346
Peak CK (IU/L) 1781 (671–3910) 2143 (1110–4030) 1566 (673–3335) 0.099
Peak CK-MB (IU/L) 196 (49–375) 236 (109–478) 194 (63–381) 0.103
Therapies
BMS (n, %) 53 (25.2) 16 (18.4) 63 (24.7) 0.417
DES (n, %) 137 (65.2) 59 (67.8) 160 (62.7) 0.667
POBA (n, %) 10 (4.8) 7 (8.0) 13 (5.1) 0.498
CABG (n, %) 3 (1.4) 0 (0.0) 5 (2.0) 0.417
No interventional therapy (n, %) 6 (2.9) 4 (4.6) 12 (4.7) 0.568
Door to balloon time (min) 85 (69–125) 74 (59–129) 104 (75–144) 0.075
Medications
Antiplatelets (n, %) 204 (97.1) 86 (98.9) 247 (96.9) 0.608
b-blockers (n, %) 170 (81.0) 75 (86.2) 198 (77.6) 0.212
RAS inhibitors (n, %) 190 (90.5) 78 (89.7) 213 (83.5) 0.063
Statins (n, %) 191 (91.0) 78 (89.7) 196 (76.9) <0.001
Anticoagulants (n, %) 34 (16.2) 13 (14.9) 57 (22.4) 0.143

PRECISE-DAPT, the predicting bleeding complications in patients undergoing stent implantation and subsequent dual antiplatelet therapy; MI, myocardial infarction; PCI,
percutaneous coronary intervention; CABG, coronary artery bypass graft; LVEF, left ventricular ejection fraction; LMT, left main trunk; CTO, chronic total occlusion; LAD, left
anterior descending coronary artery; LCx, left circumflex coronary artery; RCA, right coronary artery; CSA, coronary spastic angina; STEMI, ST-elevated myocardial infarction;
CK, creatine kinase; BMS, bare metal stent; DES, drug eluting stent; POBA, plain old balloon angioplasty; RAS, renin-angiotensin system.
*P < 0.05 and **P < 0.01 vs. low score group, yP < 0.05 and yyP < 0.01 vs. intermediate score group.
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all-cause mortality increased most steeply in the high score group
followed by the intermediate and low score groups (P < 0.001).

3.3. Cox proportional hazard regression analysis

As shown in Table 2, after adjusting for other potential con-
founding factors (i.e. severity of co-morbidity, coronary artery
lesion, revascularization procedure or medication at discharge)
by the multivariate analysis, it was revealed that atrial fibrillation,
no-infarct-related chronic total occlusion (CTO) lesion, increase of
LVEF, usage of antiplatelets and statins were associated with all-
cause mortality, and their hazard ratios were 2.491 (95% CI:
1.381–4.490), 2.477 (1.387–4.423), 0.988 (0.977–1.000), 0.231
(0.074–0.726) and 0.483 (0.263–0.890), respectively. PRECISE-
DAPT score was also revealed as an independent prognostic factor
and the Cox proportional hazard analysis demonstrated that
belonging to the intermediate or high score group had the risk of
all-cause mortality in AMI patients compared with low score group
(HR 2.945, 95% CI 1.182–7.237, P = 0.020, and HR 5.567, 95% CI
2.644–11.721, P < 0.001, respectively).



Fig. 1. Kaplan-Meier curves for all-cause death in the high, intermediate, and low
PRECISE-DAPT score groups. PRECISE-DAPT, the predicting bleeding complications
in patients undergoing stent implantation and subsequent dual antiplatelet
therapy.

Fig. 2. Receiver operating curves (ROC) to predict mortality in patients with AMI.
PRECISE-DAPT, the predicting bleeding complications in patients undergoing stent
implantation and subsequent dual antiplatelet therapy.
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3.4. ROC analysis

As shown in Fig. 2, the AUC values of the PRECISE-DAPT score
and its components (hemoglobin, white blood cell count, crea-
tinine clearance, and age) for all-cause mortality were 0.78 (95%
CI 0.71–0.85), 0.80 (0.72–0.88), 0.56 (0.45–0.68), 0.73 (0.64–0.82)
and 0.71 (0.64–0.78), respectively. ROC analysis demonstrated that
the predictive value of the PRECISE-DAPT score for long-term mor-
tality was superior to three components of the score (white blood
cell count, creatinine clearance and age), whereas there was no sig-
nificant difference compared to hemoglobin.
Table 2
Cox proportional hazard model of all-cause mortality (event 88, n = 552).

Risk factor Univariable Multivariable

HR 95% CI P-value HR 95% CI P-value

PRECISE-DAPT score (low) Ref. Ref.
Intermediate (vs. low) 3.161 1.309–7.630 <0.001 2.945 1.182–7.237 0.020
High (vs. low) 7.246 3.614–14.527 <0.001 5.567 2.644–11.721 <0.001
Male gender 0.832 0.514–1.349 0.456
Body mass index 0.899 0.844–0.959 0.001 0.989 0.922–1.061 0.759
Current smoker 0.568 0.373–0.864 0.008 0.940 0.590–1.497 0.793
Hypertension 1.040 0.499–2.167 0.917
Diabetes 1.042 0.686–1.584 0.846
Dyslipidemia 0.262 0.138–0.497 <0.001 1.186 0.498–2.825 0.701
Atrial fibrillation 2.701 1.686–4.327 <0.001 2.491 1.381–4.490 0.002
Previous MI 1.539 0.772–3.067 0.221
Previous PCI 1.203 0.603–2.399 0.599
Previous CABG 1.317 0.183–9.477 0.785
LVEF 0.985 0.975–0.994 0.002 0.988 0.977–1.000 0.049
Number of diseased vessels 1.411 0.921–2.163 0.114
No-infarct LMT lesion 1.993 0.918–4.327 0.081 1.592 0.712–3.557 0.257
No-infarct CTO lesion 2.743 1.615–4.659 <0.001 2.477 1.387–4.423 0.002
Culprit lesion (LAD) 0.778 0.506–1.195 0.252
Log peak CK 0.924 0.577–1.481 0.744
DES 0.932 0.605–1.436 0.750
BMS 0.737 0.463–1.174 0.199
Door to balloon time 1.002 0.999–1.004 0.154
Antiplatelets 0.215 0.093–0.494 <0.001 0.231 0.074–0.726 0.012
b-blockers 0.622 0.388–0.995 0.047 0.796 0.473–1.340 0.390
RAS inhibitors 0.491 0.289–0.835 0.009 0.551 0.303–1.001 0.051
Statins 0.249 0.159–0.390 <0.001 0.483 0.263–0.890 0.020
Anticoagulants 1.562 0.977–2.498 0.062 0.877 0.497–1.550 0.652

PRECISE-DAPT, the predicting bleeding complications in patients undergoing stent implantation and subsequent dual antiplatelet therapy; MI, myocardial infarction; PCI,
percutaneous coronary intervention; CABG, coronary artery bypass graft; LVEF, left ventricular ejection fraction; LMT, left main trunk; CTO, chronic total occlusion; LAD, left
anterior descending coronary artery; CK, creatine kinase; DES, drug eluting stent; BMS, bare metal stent; RAS, renin-angiotensin system.
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4. Discussion

To the best of our knowledge, the current study is the first to
report that the long-term mortality was significantly higher in
AMI patients with a high PRECISE-DAPT score than in those with
a low score, regardless of severity of co-morbidity, coronary artery
lesion, revascularization procedure or medication at discharge.

In patients with AMI, various short and long-term prognostic
factors have been reported. Co-morbidities such as diabetes,
chronic kidney disease, anemia and atrial fibrillation are well
known to be associated with long-term prognosis in patients with
AMI. [13–16] LVEF is also associated with one-year or longer-term
mortality in patients with AMI. [17] Presence of CTO lesion in a
non-infarct-related coronary artery has been reported to worsen
30-day mortality. [18] Regarding treatment, b-blockers, renin-
angiotensin system inhibitors, and statins are common treatments
as secondary prevention for patients with AMI, [19–21] and
administration of these medications are reported to be associated
with good long-term outcomes. [22] The global registry of acute
coronary events (GRACE) score has been widely used for estimat-
ing admission to 6-month mortality for patients with acute coro-
nary syndrome. This score is calculated from eight items (age,
history of heart failure, history of myocardial infarction, heart rate,
blood pressure, ST-segment depression, serum creatinine, elevated
cardiac enzymes, and no-PCI), and 2 factors out of them (age and
renal function) are shared with the PRECISE-DAPT score. [23] In
the present study, atrial fibrillation, no-infarct-related CTO lesion,
decrease of LVEF, and disuse of antiplatelets and/or statins were
associated with all-cause mortality after multivariate analysis. As
mentioned above, these prognostic factors have already been
reported individually. [16–18,21,24] The PRECISE-DAPT score
includes several values (hemoglobin, white blood cell count, and
creatinine clearance), which can be obtained from routine blood
test. In the present study, we compared the PRECISE-DAPT score
with these factors and age. The ROC analysis demonstrated that
the prognostic value of this score was superior to that of white
blood cell count, creatinine clearance, and age, and comparable
to that of hemoglobin (Fig. 2).

The PRECISE-DAPT score is a recently developed concept, and its
usefulness beyond its original usage (predict bleeding risk) is being
demonstrated in other fields. Yildirim et al. reported that the
PRECISE-DAPT score was associated with high-degree atrioventric-
ular block and atrial fibrillation in patients with STEMI who under-
went PCI. [25] Another previous study has identified that the
PRECISE-DAPT score is a significant independent predictor of
contrast-induced nephropathy in STEMI patients treated with pri-
mary PCI. [26] On the other hand, a few studies have reported on
the association between PRECISE-DAPT score and the mortality of
patients with AMI. Tanik et al. reported that the PRECISE-DAPT
score is a significant independent predictor of in-hospital mortality
in patients with STEMI. [27] The follow-up period of our present
study was longer than that in their report, and we demonstrated
the prognostic value of the PRECISE-DAPT score in predicting
post-discharge long-term outcomes.
5. Clinical implications

Since East Asian people, including Japanese, have a higher risk
of bleeding than Europeans or Americans, [28] we should always
pay attention to patient management after PCI from this perspec-
tive. The setting of the DAPT period is one of the important issues,
and the PRECISE-DAPT score is very useful for that determination.
At the same time, if this score can predict the long-term prognosis
of patients with AMI, we are able to provide personalized medical
care, for example, enhanced risk factor management for
atherosclerotic disease. The PRECISE-DAPT score can be easily cal-
culated, can be used to determine the optimal DAPT period, and
also will be useful as a long-term prognostic factor beyond its orig-
inal field, for patients with AMI.

6. Study limitations

There are several limitations in the present study. First, as a
prospective observational cohort study of a single center with a
relatively small number of patients, the study may be somewhat
underpowered. Second, we used only variables on hospitalization
in this study, without taking into consideration changes in medical
parameters and post-discharge treatment. Therefore, the present
results should be viewed as preliminary, and further studies with
a larger population are needed.

7. Conclusions

In patients with AMI, a high PRECISE-DAPT score was associated
with higher long-term all-cause mortality. Therefore, the PRECISE-
DAPT score could be useful not only for the risk stratification of
bleeding with antiplatelet therapy, but also for predicting all-
cause mortality in patients with AMI. We suspect that the
PRECISE-DAPT score will be useful in various fields beyond its orig-
inally intended usage.
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