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Abstract
Several scores can predict clinical outcomes of patients with Acute Coronary Syndromes (ACS). The validated PARIS (Patterns
of Non-Adherence to Anti-Platelet Regimen in Stented Patients) score is poorly used in clinical practice because it needs items
that are not always easily available. The ACEF (Age, Creatinine, and Ejection Fraction) score is more attractive because it only
includes three items. We compared these scores to risk-stratify ACS patients enrolled into the START (Survey on anti-
coagulated pAtients RegisTer)-ANTIPLATELET registry. ACS patients who completed 1-year follow-up (n = 1171) were
grouped in tertiles (low, medium, and high-risk) according to their ACEF/PARIS scores. Primary endpoints were: one-year
MACCE (major adverse cardiac and cerebrovascular events: death, non-fatal myocardial infarction, stroke or target vessel
revascularization) and NACE (net adverse cardiac and cerebrovascular events): MACCE plus major bleeding). MACCE in-
cidence was higher in the high-risk tertile (15%) VS low/medium (3/7 %) risk tertiles (P < .001). NACE incidence in the high-risk
tertile was 24% VS low/medium (9/15 %) risk tertiles (P < .001), independently of the risk score used. The ACEF score has
similar accuracy as the validated PARIS score for the estimation of ischemic/bleeding risk. Thereby, we strongly suggest its use in
clinical practice to risk-stratify ACS patients and select optimal therapeutic strategies.
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Introduction

Acute coronary syndromes (ACS) represent one of the most
important causes of morbidity and mortality worldwide.1

Despite impressive advances in medical therapy and inva-
sive strategies over the last years, the risk of further cardio-
vascular events remains substantial.2 Therefore, an accurate
risk assessment and patient stratification is crucial to select
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those patients who would benefit the most from closer follow-
up and of a tailored optimal medical therapy. It follows that
many risk scores have been developed to predict short and
long-term clinical outcome after the acute event.

The PARIS (Patterns of Non-Adherence to Anti-Platelet
Regimen in Stented Patients) score has been validated to
predict risks for out-of-hospital coronary thrombotic and
bleeding events.3 However, since several items are required to
calculate these scores, they might be difficult to use in clinical
practice. In contrast, the ACEF score includes only three
items: Age, Creatinine, and Ejection Fraction. It was intro-
duced in 2009 by Ranucci et al. for predicting in-hospital
mortality in patients undergoing elective cardiac surgery.4,5

This risk-assessment model has an impressive prognostic
performance compared with other more complex scores.6

Moreover, it has a good discriminative ability for short and
long-term outcomes, not only in cardiac surgery patients, but
also in patients undergoing percutaneous coronary interven-
tion (PCI) or transcatheter aortic valve implantation (TAVI).7,8

ACEF score is associated with a satisfactory predictive value,
in terms of short and long-term mortality and major adverse
cardiovascular events, such as myocardial infarction, bleed-
ing, revascularization of the target lesion, thrombosis of the
stent, and post-PCI acute renal failure. Thus, aim of the present
study was to compare the PARIS score, that has several items
to be calculated and the ACEF score that needs only three
items, to risk-stratify ACS patients enrolled in the START
(Survey on anticoagulated pAtients RegisTer) antiplatelet
registry.

Methods

The START-ANTIPLATELET is a branch of START registry
(Survey on anticoagulated pAtients RegisTer).9 It is a mul-
ticenter observational prospective registry conducted between
January 2014 and December 2016, including 8 Italian centers.
The registry was all inclusive: no explicit exclusion criteria
were applied. In this sub-study a total of 1171 consecutive
patients, presenting with ACS (either non-ST-segment ele-
vation “NSTEMI” or ST-segment elevation myocardial in-
farction “STEMI”) and undergoing revascularization plus
medical therapy or referred to medical therapy alone, who
completed 1-year follow-up have been enrolled.10,11 ACEF
and PARIS score were calculated for all patients and then
grouped into tertiles according to either the ACEF or the
PARIS scores. ACEF score value was calculated by the fol-
lowing equation: Age (years)/EF (%) + 1 (if preoperative
serum creatinine value >2.0 mg/dL).4,5 The PARIS ischemic
risk score was calculated as previously shown by considering
the following items: diabetes mellitus (+1 point or +3 points if
on treatment with insulin), acute coronary syndrome (+2 or
+1 if unstable angina), current smoking (+1), creatinine
clearance <60 mL/min (+2), prior PCI (+2), and prior coronary
artery bypass grafting (+2).3

Primary endpoints were:

(1) Major adverse cardiac and cerebrovascular events
(MACCE), a composite of death, myocardial infarc-
tion (MI), stroke or target vessel revascularization
(TVR);

(2) Net adverse cardiac and cerebrovascular events
(NACE), based on MACCE plus major bleeding.

Composite endpoints were analyzed at the time of the first
event. MI, cardiovascular death and all-cause death were
defined by the Academic Research Consortium criteria.12

Stroke was defined as an episode of neurological dysfunc-
tion caused by focal cerebral, spinal, or retinal ischemic or
hemorrhagic infarction with residual symptoms 24 h after
event or leading to death.13 Target vessel revascularization
was defined as any repeat percutaneous intervention or sur-
gical bypass of any segment of the target vessel including the
target lesion.12 Major bleeding was classified according to
TIMI (Thrombolysis In Myocardial Infarction) criteria, as
intracranial bleeding or clinically overt bleeding associated
with a decrease in hemoglobin >5 g/dl.14 All participants
signed an informed consent before participating to the study.

Statistical Analysis

All the analyses were stratified for ACEF and PARIS scores.
Categorical data are presented as numbers and percentages
and compared using χ2 or Fisher’s exact test. Continuous data
are shown as means and standard deviations and compared by
ANOVA test with appropriate post-hoc analysis. Cumulative
event rates were estimated by the Kaplan–Meier method and
compared using the log rank test. Hazard ratios and confidence
intervals were generated using a multivariable Cox regression
model. This analysis was then adjusted based on the Pro-
pensity Score (PS) calculated for each group according to the
clinical and procedural characteristics that differentiated them.
A 2-sided P value <.05 was considered as statistically sig-
nificant. All analyses were performed with SPSS software,
version 25.0 (IBM Corp., Armonk, NY) and Prism 10.0
(GraphPad, Software, Boston, MA 02110).

Results

A total of 1171 patients have been enrolled. ACEF and PARIS
score were calculated for each patient and then grouped into
tertiles (low, medium, and higher risk) of either ACEF score:
Group 1 (n = 405, ACEF score <1.20), Group 2 (n = 384,
ACEF score ≥1.20 and ≤1.52), and Group 3 (n = 382, ACEF
score >1.52) or PARIS score: Group 1 (n = 451, PARIS
score <6), Group 2 (n = 409, PARIS score ≥6 and <8), and
Group 3 (n = 311, PARIS score ≥8). Baseline clinical char-
acteristics and medical therapy at discharge are presented in
Table 1.

At the PS adjusted Cox analysis (Table 2), the incidence of
MACCE was significantly greater in patients included in
ACEF score group 3 [58 patients (15%)] compared with group
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1 [14 patients (3%); Hazard Risk (HR): 4.03 (2.15–7.54) P <
.001] and group 2 [26 patients (7%), HR: 2.22 (1.40–3.54) P <
.001]. Similarly, the incidence of NACE was significantly
greater in patients included in ACEF score group 3 [71 pa-
tients (24%)] compared with group 1 [26 patients (9%), HR:
2.45 (1.50–4.01) P < .001] and group 2 [40 patients (15%),
HR: 1.65 (1.11-2.45) P < .001]. Similar results were observed
when patients were grouped according to the PARIS score
(Table 3); the incidence of MACCE was significantly greater
in patients included in group 3 [51 patients (16%)] compared
with group 1 [26 patients (6%) HR: 2.31 (1.41–3.80) P < .001]
and group 2 [21 patients (5%), HR: 3.01 (1.80–5.03) P <
.001]. As already observed for ACEF score, the incidence of
NACE was significantly greater in patients included in PARIS
score group 3 [64 patients (28%)] as compared with group
1 [37 patients (11%), HR: 2.03 (1.32–3.11) P < .001] and
group 2 [36 patients (12%), HR: 2.20 (1.44–3.30) P < .001].

At the Kaplan–Meier analysis (Figure 1), both MACCE
and NACE free survival was significantly lower in patients
included in the group 3 of both PARIS (respectively, long

rank: 24.04, P < .001 and long rank: 25.0, P < .001) and ACEF
score (respectively, long rank: 36.0, P < .001 and long rank:
23.35, P < .001).

In addition, at the ROC analysis (Figure 2), both the ACEF
and the PARIS scores showed a similar moderate accuracy in
predicting NACE at 1 year follow-up (AUCACEF score: 0.70
(0.64–0.75) vs PARIS score: 0.65 (0.60–0.71), P < .001,
ΔAUC: 0.05, P = .27). At the same time, both the ACEF and
the PARIS scores showed a similar moderate accuracy in
predicting MACCE at 1 year follow-up (AUC ACEF score:
0.70 (0.65–0.80) vs PARIS score: 0.65 (0.60–0.71), P < .001,
ΔAUC: 0.05, P = .23).

At logistic regression analysis, a significant direct asso-
ciation was observed between ACEF score, as a continuous
variable, and the occurrence of MACCE or NACE at
12 months of follow-up [respectively, HR: 1.66 (1.44–1.91)
and HR: 1.56 (1.36–1.80)]. Respectively, a 66% and 56%
increase in risk of MACCE and NACE was observed for each
0.50 unit increase in ACEF score. Similarly, a significant
direct association was observed between the PARIS score, as a

Table 1. Baseline clinical characteristics and therapy at discharge.

PARIS score

P

ACEF score

PI n = 451 II n = 409 III n = 311 I n = 405 II n = 384 III n = 382

Age (years) 63 ± 12 65 ± 13 71 ± 13 <0.001 55 ± 11 69 ± 9 75 ± 9 <0.001
Age >75 years, n (%) 64 (14) 108 (26) 127 (41) <0.001 14 (3) 89 (23) 196 (51) <0.001
Male sex, n (%) 356 (79) 293 (72) 198 (64) <0.001 326 (80) 267 (69) 254 (66) <0.001
BMI (Kg/m2) 28 ± 3 27 ± 4 24 ± 4 <0.001 27 ± 4 27 ± 4 26 ± 4 0.001
LVEF (%) 50 ± 10 49 ± 12 48 ± 15 0.24 57 ± 15 51 ± 6 40 ± 8 <0.001
LVEF <40%, n (%) 70 (15) 85 (21) 100 (32) <0.001 11 (3) 29 (8) 215 (56) <0.001
Previous myocardial infarction, n (%) 78 (17) 71 (17) 64 (21) 0.44 61 (15) 50 (13) 102 (27) <0.001
Previous PCI, n (%) 82 (18) 73 (18) 76 (24) 0.05 59 (15) 74 (19) 98 (26) <0.001
Previous stroke, n (%) 9 (2) 19 (5) 16 (5) 0.04 7 (2) 19 (5) 18 (5) <0.001
PAD, n (%) 20 (4) 32 (8) 36 (12) <0.001 19 (5) 26 (7) 43 (11) 0.002
Hypertension, n (%) 314 (70) 274 (67) 229 (74) 0.15 238 (59) 279 (73) 300 (78) <0.001
Hyperlipidemia, n (%) 249 (55) 204 (50) 157 (50) 0.23 201 (50) 218 (57) 191 (50) 0.08
Chronic Kidney disease (eGFR<30 mL/min), n (%) 1 (0) 6 (2) 45 (15) <0.001 0 (0) 5 (1) 47 (12) <0.001
Current smoker, n (%) 139 (31) 235 (57) 185 (59) <0.001 264 (65) 165 (43) 130 (34) <0.001
Familiar History, n (%) 150 (33) 117 (29) 68 (22) 0.003 138 (34) 121 (31) 76 (20) <0.001
Diabetes mellitus 107 (24) 99 (24) 103 (33) 0.007 71 (17) 102 (27) 136 (36) <0.001
Indication to PCI, n (%) 0.005 0.25
STEMI 232 (51) 209 (51) 126 (40) 184 (45) 187 (49) 196 (51)
NSTEMI/unstable angina 2019 (49) 200 (49) 185 (60) 221 (55) 197 (51) 186 (49)

Treatment strategy, n (%) 0.13 0.12
CABG 14 (3) 12 (3) 9 (2) 14 (4) 12 (3) 9 (2)
PCI 350 (86) 312 (81) 315 (82) 350 (87) 312 (81) 315 (82)
Medical therapy, n (%) 41 (10) 60 (16) 58 (15) 40 (10) 59 (15) 58 (15)

DES, n (%) 350 (95) 301 (96) 212 (95) 0.02 302 (95) 284 (96) 277 (96) 0.72
SAPT 26 (6) 30 (7) 21 (7) 0.64 29 (7) 20 (5) 28 (7) 0.42
DAPT 419 (93) 372 (91) 280 (90) 0.34 367 (91) 356 (93) 348 (91) 0.55

Abbreviations: BMI = Body Mass Index; LVEF = left ventricular ejection fraction; PCI = percutaneous coronary intervention; PAD = peripheral artery disease;
STEMI = ST-segment elevation myocardial infarction; NSTEMI = non-ST-segment elevation; CABG = Coronary artery bypass graft; DES = drug eluting stent;
SAPT = single antiplatelet therapy; DAPT = dual antiplatelet therapy; ASA = acetylsalicylic acid.
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continuous variable, and the occurrence of both MACCE and
NACE at 12 months of follow-up [respectively, HR: 1.26
(1.16–1.37) and HR: 1.20 (1.11–1.30)], with a 26% increase in
the risk of MACCE and 20% in the risk of NACE for each
increase of 1 unit of PARIS score (Figure 3).

Discussion

The main result of the present study is that, in a real-world
population of the START ANTIPLATELET registry, the
ACEF score, a risk score very easy to calculate, was equally
useful to risk-stratify ACS patients as compared with the more
complex and widely validated PARIS score. In fact, patients
with the highest values of both ACEF and PARIS scores
showed a significantly higher rate of NACE and MACCE at
one-year follow-up.

With the rapidly expanding indications for invasive as-
sessment in patients presenting with ACS and several co-
morbidities, risk assessment has become a very important
aspect of daily practice to guide clinical decision making.
Several risk scores have been proposed to calculate risk
stratification at different timepoints of patient clinical history.
Some of them such as the Emergency Department Assessment
of Chest pain Score (EDACS),15 or the Troponin-only
Manchester Acute Coronary Syndromes (T-MACS)16 or the
Accelerated Diagnostic Protocol to Assess Patients With
Chest Pain Symptoms Using Contemporary Troponins as the
Only Biomarker (ADAPT-ADP)17 were considered at patient
initial presentation, in order to, first, identify patients at low
risk for major adverse cardiac events (MACE) and second, as a
decision rule to decide whether these patients needed addi-
tional invasive testing or not. Other risk scores are available to
estimate the in-hospital or short-term risk of mortality and/or

Figure 1. One-year free survival from NACE and MACE. Panel A, Kaplan–Meier curves for survival free from net adverse cardiovascular
events (NACE) according to ACEF and PARIS scores (respectively, long rank: 23.35, P < .001 and long rank: 25.00, P < .001). Panel B,
Kaplan–Meier curves for survival free from major adverse cardiac and cerebrovascular events according to ACEF and PARIS scores
(respectively, long rank: 36.00, P < .001 and long rank: 24.04, P < .001).
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bleeding in order to guide further in-hospital management and,
finally, some risk scores have been developed to calculate
ischemic-bleeding trade-off risk to obtain a tailored optimal
antithrombotic management by estimating long-term risk for
future cardiovascular events.18 One of these scores is the
PARIS score, derived by The Patterns of Nonadherence to
Antiplatelet Regimens in Stented Patients (PARIS) registry, a
prospective, multicenter, observational study enrolling pa-
tients treated with coronary angioplasty and stenting place-
ment.19 The PARIS ischemic risk score predicts the risk of
stent thrombosis and myocardial infarction for up to 2 years
after coronary intervention. It includes several items: acute
coronary syndrome (ACS), current smoking, diabetes
mellitus, creatinine clearance <60 mL/min, prior PCI, and
prior coronary artery bypass grafting (CABG). Moreover,
to be more accurate, it is necessary to know whether the
diabetic patients need insulin or not and the troponins
values. Similarly, the PARIS score for bleeding risk has
several items to know to be calculated: age, BMI, smoking,
creatinine clearance, triple antithrombotic therapy, and
anemia. Thus, these two scores might be considered not
easy to calculate and, consequently, not routinely used in
the clinical practice.

The age, creatinine, and ejection fraction (ACEF) score is a
simpler cardiovascular risk score that has been demonstrated
to have predictive value in patients with cardiovascular dis-
ease. Several studies clearly showed that this score has good
predictive value for adverse cardiovascular events associated
with an increased risk of all-cause mortality and stroke.20–23

Moreover, the ACEF score was previously associated with

satisfactory predictive value not only in terms of short- and
long-term mortality, adverse cardiac and cerebrovascular
events, but also other clinical events including bleeding after
PCI.21,24,25 Of note, although the ACEF score needs only three
items to be calculated, previous studies have found that this
score has an impressive prognostic performance compared
with other more complex scores.26–28 In line with these
studies, we observed that ACEF and PARIS score were
comparable in indicating the incidence of MACCE and NACE
in the three groups of patients who had a different risk profile,
low, medium, and high. These results might be considered of
great importance from a clinical point of view because only
three items, very easy to collect in clinical practice, permit to
have a complete evaluation on both risk profiles, ischemic and
bleeding, finally leading to better risk stratification allowing a
more optimal therapeutic strategy.

In daily clinical practice, risk scores might be considered
useful to evaluate patient treatment. The “ideal” risk score
should be simple to calculate, accessible at the bedside, and
easy to interpret. Thus, it should be the compass for the
physician, helping clinical decisions and choosing optimal
medical therapy. The ACEF score meets these criteria since it
is user friendly and quick to apply. Originally designed to
assess the risk of elective cardiac surgery,4 this score has been
evaluated in several subgroups of patients treated in the cath-
lab with coronary stenting such as those with left main disease,
bifurcations, calcified lesions, total occlusions, or those treated
with valve implantation for severe aortic stenosis.4,6,26,28–30

Then, as reported above, it has been investigated in the clinical
setting of ACS and results of the present study involves this

Figure 2. Receiver operating characteristic curve analysis for ACEF and PARIS scores. Panel A. Both the ACEF and the PARIS scores showed
a similar moderate accuracy in predicting NACE at 1 year follow-up (AUC ACEF score: 0.70 (0.64–0.75) vs PARIS score: 0.65 (0.60–0.71),
P < .001, ΔAUC: 0.05, P = .27). Panel B. Both the ACEF and the PARIS scores showed a similar moderate accuracy in predicting MACCE at
1 year follow-up (AUC ACEF score: 0.70 (0.65–0.80) vs PARIS score: 0.65 (0.60–0.71), P < .001, ΔAUC: 0.05, P = .23).
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patient subset.20,22,25 Finally, the predictive value of ACEF
scores has been demonstrated for identifying the risk of
cardiovascular disease or stroke also in individuals without a
cardiovascular history.30 Taken together, all these observa-
tions, suggest that this simple to use risk score might have
important potential implications for clinical practice across
different healthcare settings.

This study has several inherent limitations related to its
retrospective nature. Of note, the scores have been calculated
at baseline without assessing changes at discharge or during
follow-up, thereby we cannot evaluate the impact of any
therapeutic strategy on the clinical follow-up. In addition,
since our hypothesis has been investigated in a small patient
population, future larger and prospective studies are necessary
to validate our results.

In conclusion, the results of the present study sustain the
experimental hypothesis that a risk score can be developed
based on a very limited number of risk factors in conflict with
the general hypothesis that the higher the number of items
considered, the more accurate and better calibrated the model
will be. This agrees with the aphorism “less is more” by
Ludwig Mies van der Rohe to indicate that simplicity is
preferable to complexity.31
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