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Abstract

Background: The cardioprotective role that statin and aspirin has appears to be reduced in patients with chronic kidney

disease (CKD). This analysis aims to evaluate the impact of statin and aspirin on the outcome of patients with CKD and

acute coronary syndrome (ACS).

Methods: All patients who were enrolled in the IN-ACS Outcome registry, diagnosed with CKD, were included in our

analysis. We divided patients into four groups, according to previous chronic therapy: neither aspirin nor statin therapy

(Group 1), aspirin only therapy (Group 2), statin only therapy (Group 3) and aspirin plus statin therapy (Group 4).

Results: Of the 5483 patients enrolled that had data on glomerular filtration rate available, 1484 had CKD: These

segregated into 589 patients in Group 1, 477 in Group 2, 89 in Group 3 and 329 in Group 4. Despite having a higher

baseline risk profile, groups 3 and 4, as compared to the other two groups, exhibited a significantly lower in-hospital

mortality (1% in Group 3, 2% in Group 4; but 8% in Group 1 and 7% in Group 2, p¼ 0.0007); while at 30 days it remained

so, as it was 1% in Group 3, 4% in Group 4 (and 10% in Group 1 and 10% in Group 2 p¼ 0.0002); and at 1 year it was 11%

in Group 3 and 13% in Group 4 (compared to 20% in Group 1 and 23% in Group 2, p¼ 0.0012).

Conclusions: In a large cohort of patients with CKD and ACS, chronic treatment with statin or the combination of

aspirin and statin is associated with short-term and long-term better outcomes for in-hospital mortality, as compared to

those receiving no therapy or aspirin therapy alone.
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Introduction

Chronic use of aspirin and statin may reduce the risk of
subsequent myocardial infarction (MI) and improve
outcome in patients with documented ischaemic heart
disease1,2 (IHD) or in patients at high risk of a first
cardiovascular event.3,4 Moreover, previous aspirin
and statin therapy may interfere with the clinical pres-
entation of acute myocardial infarction, with a higher
incidence of Non-ST-Elevation MI (NSTEMI) as com-
pared to ST-Elevation MI (STEMI).5,6 However, in
patients with impaired renal function, which is a
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condition associated with higher prevalence of trad-
itional risk factors for atherosclerosis7 and with
impaired prognosis after acute MI,8 the cardioprotec-
tive role of aspirin and antiplatelet therapy appears to
become reduced.9,10 The results of some trials of statin
therapy in patients with impaired renal function11–14

show conflicting results, plus a meta-analysis of rando-
mized controlled trials in patients with impaired renal
function treated with statin failed to show a treatment
benefit to all-cause mortality.15

The current limitation to the understanding of the
efficacy and safety of aspirin and statin therapy in
patients with impaired renal function is directly due
to the exclusion of patients with impaired renal func-
tion in many randomized studies.16 The aim of this
study was to assess the effects of previous chronic
aspirin and statin use on the outcomes of patients
having impaired renal function, with respect to hospital
admission for acute coronary syndrome (ACS). To
address this issue, the population of the IN-ACS
Outcome Study was evaluated.

Methods

The IN-ACS Outcome Study is an Italian observa-
tional, multicentre (38 centres) study designed to
assess epidemiology, management and outcome of
patients with ACS (STEMI and non-ST-elavtion
acute coronary syndromes (NSTEACS)).17 The enroll-
ing interval time was between December 2005 and
February 2007, with a 12-month enrolment period for
each centre.

The patient characteristics, in-hospital diagnostic
and therapeutic procedures, and prescriptions at dis-
charge were collected using a web-based Case Record
Form (CRF) and stored in a central database. Patient
management was based on clinical decisions by the
individual’s physician. Clinical follow-up data at the
30-day time point and the 1-year point were collected
by the local team and entered in the central database.

Of the 6045 patients with ACS (either myocardial
infarction without ST elevation (NSTEMI) or
acute coronary syndrome without ST elevation
(NSTEACS)) enrolled in the IN-ACS Outcome Study,
5483 patients had data on glomerular filtration avail-
able and, among these, 1484 patients that showed an
impaired renal function at admission were chosen to be
included in our study. Renal function was evaluated
using the Modification of Diet in Renal Disease equa-
tion,18 which incorporates age, race, sex and creatinine
levels. We considered that individuals with impaired
renal function had glomerular filtration rate values
<60ml/min/1.73m2.

According to chronic statin or aspirin therapy before
the index ACS, these patients were divided in 4 Groups:
Group 1, no aspirin nor statin therapy (n¼ 589
patients); Group 2, aspirin therapy (n¼ 477 patients);
Group 3, statin therapy (n¼ 89 patients); and Group 4,
aspirin plus statin therapy (n¼ 329 patients, Figure 1).

A diagnosis of STEMI was defined as chest pain
associated with an electrocardiographic ST-elevation
of 1mm or more, in two or more contiguous leads, or
a new left bundle-branch block within 48 hours after
the onset of chest pain.

6045 Patients enrolled in the IN-ACS
Outcome study

5483 Patients with glomerular filteration
rate (GFR) available

3999 Patients with GFR 
≥60 ml/min/1.73 m2

329 on chronic
aspirin plus statin

therapy at admission

89 on chronic
statin therapy at

admission

477 on chronic
aspirin therapy at

admission

589 not assuming
aspirin or statin

before admission

1484 patients with GFR < 60 ml/min/1.73m2

Figure 1. Flow chart for patient enrolment. Of the 6045 patients with ACS included in the IN-ACS Outcome Study, 1484 patients

showed impaired renal function. According to their previous history of statin or aspirin therapy, these patients were divided in four

groups: no aspirin nor statin therapy (Group 1), aspirin therapy (Group 2), statin therapy (Group 3), and aspirin plus statin therapy

(Group 4).

ACS: Acute coronary syndrome.
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A diagnosis of NSTEACS was defined as chest pain
within 48 hours, associated with an electrocardio-
graphic ST-segment depression or T-wave inversion,
or transient (<20minutes) ST elevations with
(NSTEMI) or without (unstable angina) increases in
the troponin or creatine kinase-myocardial band isoen-
zyme (CK-MB) levels.

Exclusion criteria were conditions where the ACS
that occurred was secondary to other reasons (such as
anaemia, trauma or non-cardiac surgery), the patient’s
enrolment in other centres for the same study, and the
inability to obtain a signed informed consent.

Signed informed consent was obtained from all
patients at enrolment.

In each participating centre, the local Institutional
Ethical Board approved the study.

Endpoint

The primary end-points of this sub-study were the
30-day and 1-year all-cause mortality.

The two secondary end-points included: (a) all-cause
mortality or re-infarction at 30-days and (b) 1-year and
a global net clinical end-point of death, reinfarction,
stroke, new cardiac revascularization and major bleed-
ing at the 30-day and 1-year time points.

Definitions of the events

MI was defined according to the revised criteria pro-
posed by the joint European and American Task
Force.19

Re-hospitalization for STEMI was defined as
re-hospitalization due to persistent chest pain, asso-
ciated with persistent ST elevation of >1mm in at
least two contiguous peripheral leads or >2mm in at
least two contiguous precordial leads, and an increase
of CK-MB and/or troponins.

Re-hospitalization for NSTEMI was defined as
re-hospitalization due to chest pain lasting at least
5minutes in the last 24 hours, associated with typical
electrocardiogram (ECG) changes and an increase of
CK-MB and/or troponins.

Stroke was defined as a neurological disability last-
ing more than 24 hours.

Bleeding was defined as major when it was intracra-
nial, retroperitoneal, intraocular, or with any haemo-
globin level reduction of greater than 5 g/dl
(a haematocrit reduction >15%).

Statistical analyses

Continuous variables were reported as mean and stand-
ard deviation; and compared by ANOVA if normally
distributed, or Kruskal-Wallis test, if not. Categorical

variables were reported as frequencies and percentages;
they were compared by Pearson’s chi-square test. Plots
of the Kaplan-Meier estimates of the survival curves of
the four therapeutic groups were presented along with
the results of the log-rank test. Multivariable analysis
was performed with the aim of identifying independent
predictors of all-cause mortality at 1-year follow-up. A
Cox model was used when considering variables of clin-
ical interest; if more than two categories were present,
dummy variables were introduced to define a reference
group (RG). Also, we inserted the following in the
model: age �75 years, gender, diabetes, history of
hypertension, history of coronary artery disease, heart
rhythm (atrial fibrillation/flutter, sinus rhythm, other
rhythm), history of heart failure, history of cerebro-
vascular or peripheral artery disease, chronic pulmon-
ary disease, systolic blood pressure �100, glomerular
filtration rate <30ml/min/1.73m2, ejection fraction
<40% and previous chronic therapy (nor aspirin nor
statin, aspirin, statin, aspirin plus statin). Age, glom-
erular filtration rate, ejection fraction and systolic
blood pressure were entered in the model using the clin-
ical cut-off. Results were expressed as Hazard Ratio
(HR) with 95% Confidence Interval (CI). For all
tests, a value of 2-tailed p� 0.05 was considered statis-
tically significant. SAS software (version 9.2) was used
for all statistical analysis.

Results

The clinical characteristics of the four groups of patients
are presented in Table 1. Patients who were pre-treated
with aspirin and/or statin (Group 2, 3 and 4) had more
cardiovascular risk factors than patients who were not
pre-treated, except for active smoking habits that were
more frequent in Group 1. Moreover, the pre-treated
patients more frequently had a history of previous car-
diac revascularization. During hospitalization, patients
in Group 3 (those pre-treated with statin alone) were
more frequently revascularized, compared to the three
other groups that did not show significant differences
among them (Table 1).

In-hospital and long-term mortality

In-hospital mortality was significantly lower in patients
taking chronic statin therapy, as compared to patients
without therapy or patients taking only aspirin (8% in
Group 1, 7% in Group 2, 1% in Group 3, and 2% in
Group 4; p¼ 0.0007, Table 2). The lower mortality for
Group 3 and Group 4 was also observed at both the
30-day follow-up (p¼ 0.0002) and 1-year follow-up
(p¼ 0.001, Table 2 and Figure 2).

At multivariable analysis, previous statin therapy
alone or in combination with aspirin were both

216 European Journal of Preventive Cardiology 21(2)

D
ow

nloaded from
 https://academ

ic.oup.com
/eurjpc/article/21/2/214/5925717 by Istituto Superiore di Sanità user on 18 O

ctober 2021



associated with lower 1-year mortality (HR 0.44, 95%
CI 0.23-0.85, p¼ 0.015 for Group 3; H R 0.57, 95% CI
0.39-0.82, p¼ 0.005 for Group 4, respectively). The
other independent predictors of 1-year mortality were:
female sex, gender, age �75 years, previous heart fail-
ure, atrial fibrillation at admission, other rhythm at
admission, history of cerebro-vascular or peripheral
artery disease and systolic blood pressure
�100mmHg at admission, ejection fraction <40%
and glomerular filtration rate <30ml/min/1.73m2

(Table 3).

Secondary end-points

There were no significant differences in the rate of in-
hospital re-infarction, stroke or major bleeding among
the four groups (Table 2). At the 30-day follow-up,
there was a significantly lower incidence of the

combined end-points of death and reinfarction in
Group 3 and Group 4, compared to Group 1 and
Group 2 (p¼ 0.001, Table 2). There were no significant
differences for the combined net clinical end-point
among the four groups (p¼ 0.08, Table 2).

At the 1-year follow-up, Group 3 showed the lowest
rate of the combined end-points of death and reinfarc-
tion, while Group 2 had the highest rate (p¼ 0.003,
Table 2). Moreover, the combined net clinical end-
point was lowest in Group 3 and highest in Group 2
(p¼ 0.02, Table 2).

Impact of chronic aspirin and statin use on the
presentation of myocardial infarction

Irrespective of their history of coronary artery disease,
patients on chronic aspirin and/or statin therapy were
less likely to have STEMI and more frequently had a

Table 1. Clinical characteristics of the four study groups

No

aspirin/statin

(n¼ 589)

Aspirin

alone

(n¼ 477)

Statin

alone

(n¼ 89)

Aspirinþ statin

(n¼ 329) p

Agea 76� 11 78� 9 73� 10 74� 9 <0.0001

Male gender 301 (51) 257 (54) 45 (51) 187 (57) 0.37

Smoking habit (1392 patients)c 113 (20) 34 (8) 12 (14) 38 (12) <0.0001

Dyslipidaemia (1324 patients)c 167 (34) 165 (39) 68 (78) 241 (75) <0.0001

Diabetes mellitus 168 (29) 184 (39) 38 (43) 140 (43) <0.0001

Hypertension (1467 patients)c 438 (76) 395 (83) 80 (90) 282 (86) <0.0001

Family history of IHD (1290 patients)c 83 (16) 67 (17) 15 (19) 64 (22) 0.15

Previous angina (1467 patients)c 71 (12) 129 (27) 29 (33) 145 (44) <0.0001

Previous MI (1459 patients)c 70 (12) 171 (37) 23 (26) 185 (57) <0.0001

Previous PCI 17 (3) 67 (14) 15 (17) 126 (38) <0.0001

Previous CABG 14 (2) 51 (11) 10 (11) 68 (21) <0.0001

Previous myocardial revascularization 25 (4) 109 (23) 23 (26) 163 (50) <0.0001

Previous HF 32 (5) 50 (10) 12 (13) 40 (12) 0.0009

Previous stroke/TIA 42 (7) 77 (16) 9 (10) 40 (12) <0.0001

History of vascular disease (1438 patients)c 102 (18) 187 (40) 30 (34) 121 (38) <0.0001

Peripheral vascular disease (1425 patients) 70 (12) 137 (30) 24 (28) 104 (33) <0.0001

Dialysis patient (1413 patients)c 9 (2) 12 (3) 2 (2) 5 (2) 0.64

Glomerular filtration rate (ml/min/1.73 m2)b 48 [38–55] 45 [35–53] 47 [38–56] 45 [36–53] 0.01

EF (%) 46� 11 46� 12 45� 11 46� 11 0.82

COPD (1452 patients)c 77 (13) 73 (16) 11 (12) 39 (12) 0.54

STEMI at admission 261 (44) 122 (26) 24 (27) 59 (18) <0.0001

NSTEACS at admission 328 (56) 355 (74) 65 (73) 270 (82) <0.0001

Heart rate at admissiona 83� 24 83� 21 81� 20 81� 21 0.38

Systolic BP at admission 136� 32 144� 31 134� 27 139� 30 <0.0001

Coronary revascularization 298 (51) 218 (46) 57 (64) 157 (48) 0.01

Results are expressed as absolute number with percentage in brackets; aMean� standard deviation; bMedian with interquartile range; cPercentages

were evaluated on patients with data available, reported in brackets for each variable; BP: blood pressure; CABG: coronary artery by-pass; COPD:

chronic obstructive pulmonary disease; EF: Ejection fraction; HF: heart failure; IHD: ischaemic heart disease; MI: myocardial infarction; NSTEACS: non-ST-

elevation acute coronary syndrome; PCI: percutaneous coronary intervention; STEMI: ST-elevation myocardial infarction; TIA: transient ischaemic attack.
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NSTEMI, compared to patients not taking these drugs
(Table 1). Moreover, the group of patients receiving the
combination therapy had the lowest incidence of
STEMI, compared to patients taking only one drug
(Table 1).

Discussion

In the patients with impaired renal function and ACS
who enrolled in the IN-ACS Outcome multicentre
study, previous use of chronic statin therapy was asso-
ciated with a significantly lower mortality, as compared
to patients not taking statin therapy. In contrast, the
cardioprotective role of previous chronic aspirin ther-
apy, in terms of a reduction of 1-year all-cause mortal-
ity, was observed only when used in combination with
statin therapy and was not documented in patients trea-
ted with aspirin alone.

Patients with chronic renal failure have an increased
cardiovascular risk7 and their outcome after an ACS is
worse, when compared to patients with normal renal

function.8 Despite this increased risk, patients with
chronic kidney disease are generally less treated20 and
often excluded from large randomized trials.16 In these
patients, the cardioprotective role of preventive therapy
appears to be reduced. In the DOPPS study,9 which
enrolled 28,320 patients with severe renal failure,
chronic aspirin therapy was not associated with a
reduction in the rate of death nor MI. Moreover, in a
recent large meta-analysis,10 the benefit of anti-platelet
therapy among persons with chronic kidney disease
seemed uncertain. Also, the role of statin in patients
with renal failure is currently questionable. In the 4 D
Study11 and in the AURORA trial,13 neither atorvas-
tatin nor rosuvastatin had any statistically significant
effects on cardiovascular death outcomes in patients
with severe renal failure; however, recently the
SHARP study14,21 showed a significant reduction in
major atherosclerotic events in a wide range of patients
with chronic kidney disease who were treated with the
combination of simvastatin and ezetimibe. In this
study, we observed that a group of patients with

Table 2. Primary and secondary end-points

No aspirin/statin

(n¼ 589)

Aspirin alone

(n¼ 477)

Statin alone

(n¼ 89)

Aspirinþ statin

(n¼ 329) p pb

Death

In hospital 48 (8) 35 (7) 1 (1) 8 (2) 0.0007 0.0001

30 days 59 (10) 46 (10) 1 (1) 12 (4) 0.0002 <0.0001

1 year 120 (20) 108 (23) 10 (11) 43 (13) 0.001 0.0002

Re-infarction

In hospital 10 (2) 11 (2) 1 (1) 7 (2) 0.83 0.89

30 days 11 (2) 17 (4) 1 (1) 11 (3) 0.23 0.93

1 year 23 (4) 40 (8) 3 (3) 29 (9) 0.007 0.26

DeathþReinfarction

30 days 67 (11) 59 (12) 2 (2) 20 (6) 0.0012 0.0002

1 year 137 (23) 135 (28) 13 (15) 62 (19) 0.003 0.002

Stroke

In hospital 5 (1) 7 (1) 0 (0) 4 (1) 0.57 0.99

30 days 7 (1) 9 (2) 0 (0) 5 (2) 0.52 0.84

1 year 11 (2) 17 (4) 2 (2) 8 (2) 0.37 0.94

Major bleeding

In hospital 7 (1) 8 (2) 0 (0) 2 (1) 0.38 0.22

30 days 7 (1) 10 (2) 0 (0) 3 (1) 0.28 0.29

1 year 9 (2) 12 (3) 1 (1) 4 (1) 0.47 0.42

Net clinical outcomea

30 days 122 (21) 95 (20) 9 (10) 56 (17) 0.08 0.04

1 year 210 (36) 196 (41) 24 (27) 107 (33) 0.02 0.02

Results are expressed as absolute number and percent in brackets; aDeath, reinfarction, stroke, new cardiac revascularization and major bleeding
bp-value for Group 1 (no aspirin/statin) and Group 2 (aspirin alone), compared to Group 3 (statin alone) and Group 4 (statinþ aspirin).
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different degrees of renal failure exhibited a significant
reduction in mortality among patients with ACS that
had been pre-treated with statin therapy. In particular,
despite a higher baseline risk profile, these patients
appeared to show better survival and a better net clin-
ical outcome, even including stroke and major bleeding.
This effect was not observed in those patients who at
baseline had taken only aspirin therapy, confirming
that aspirin alone is perhaps not enough for patients

with impaired renal function to prevent cardiovascular
events.

Different reasons explaining the lack of effect of
aspirin therapy in our patients might be: first of all,
the group on aspirin therapy had a higher prevalence
of cardiovascular risk factors, with an increased rate of
prior myocardial revascularization and myocardial
infarction, although these characteristics were also
observed in the two groups assuming statin therapy;
alternatively, the development of an acute coronary
syndrome in patients with a background of routine
antiplatelet therapy may mean the patients are more
refractory or hyporesponsive to these agents. Indeed,
previous studies show a higher incidence of aspirin
resistance in patients with impaired renal function.22,23

In this group of patients, the combination therapy of
statin and aspirin might be of particular advantage, due
to the potentially synergistic effect of these thera-
pies,24,25 as documented by the lower 1-year all-cause
mortality we observed in our study. Finally, another
possible explanation might be due to the adherence to
aspirin therapy: In our study, prior aspirin therapy was
self-reported by patients, so we have no information
about the reality of patient compliance.

In a previous study20 we showed that in patients with
impaired renal function, chronic aspirin and statin ther-
apy may interfere with the clinical presentation of acute
MI, creating a high rate of NSTEMI and a reduced rate
of STEMI. In this larger and multicentre study, we

1.00
Event-Free

Group 3

Group 4

Group 1

Group 2

0.95

0.90

0.85

0.80

Days from enrollment

p value (log-rank)=0.003

3603303002702402101801501209060300

0.75

0.70

Figure 2. Kaplan-Meier curves in the four groups of patients, for the primary end-point (all causes of death).

Table 3. Multivariable analysis: Independent predictors of all

causes of death at 1-year follow-up

HR 95% CI p

All causes of death at 1-year follow-up

Chronic statin therapy 0.44 0.23–0.85 0.015

Chronic aspirin and statin therapy 0.57 0.39–0.84 0.005

Female sex 1.39 1.09–1.79 0.009

Age �75 years old 2.34 1.72–3.17 <0.0001

Previous heart failure 1.47 1.05–2.06 0.03

Atrial fibrillation at admission 1.45 1.05–1.99 0.02

Other rhythm at admission 1.82 1.15–2.89 0.01

SBP �100 mmHg at admission 2.46 1.81–3.35 <0.0001

Ejection fraction <40% 2.24 1.73–2.91 <0.0001

GFR <30 ml/min/1.73 m2 2.58 1.98–3.34 <0.0001

History of vascular disease 1.32 1.02–1.71 0.036

CI: confidence interval; GFR: glomerular filtration rate; HR: hazard ratio;

SBP: systolic blood pressure.
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confirmed that in patients with chronic kidney disease,
the pre-treatment with aspirin and statin may reduce
the incidence of STEMI. This shift in the presentation
of acute MI is important, because it is associated with
clinical and therapeutical consequences. Indeed, when
diagnosing NSTEMI, we assume that, in many
instances, a thrombus incompletely or intermittently
has occluded a coronary artery, causing non-trans-
mural or short-lasting transmural myocardial ischae-
mia. These patients will not benefit from thrombolysis
and do not need emergent revascularization, but rather
require stabilizing pharmacological treatment.26,27 In
contrast, in STEMI a thrombus completely and per-
manently occludes a coronary artery, causing trans-
mural myocardial ischaemia, so the thrombus will
benefit from an acute percutaneous coronary interven-
tion or thrombolysis.28,29 Therefore, in observing a
shift in the incidence of STEMI to NSTEMI, fewer
patients will require emergent percutaneous coronary
interventions, which may be postponed for 48–72
hours, accommodating hospitals without on-site inva-
sive facilities.

Study limitations

Our study has some limitations. First of all, despite a
prospective collection of data in 38 centres, the chronic
therapy given in the study was not randomized, so con-
sequently there is some bias in the comparability of
patients that could not be excluded due to the retro-
spective nature of the study, so these data should be
confirmed in larger randomized trials. Moreover, the
four groups of patients included a mix of patients
who assumed chronic therapy for either primary or sec-
ondary prevention of cardiovascular events, yet the
estimation of effects considering primary and secondary
prevention therapy was not performed, due to the low
number of patients. Finally, another limitation is the
inclusion of patients with different degrees of impaired
renal function, with a low number of patients on dia-
lysis, so consequently we cannot extend our results to
these patients.

Conclusions

In this large population of patients with impaired
renal function presenting with ACS, statin therapy
alone or in combination with aspirin therapy before
the index ACS is associated with a better outcome
at the 1-year follow-up time point. Large randomized
studies in patients with impaired renal function
should be performed, to address the possible synergis-
tic effect of combined therapy with aspirin and statin in
the sub-group of ACS patients having chronic renal
failure.
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