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ABSTRACT

Background: Hypercholesterolemia is a strong risk factor for myocardial infarction (MI). There is scarce
information regarding lipoprotein levels among patients with MI in Latin America as well as about the
association of very early statin therapy during the course of acute MI.

Hypothesis: Very early statin prescription might be associated with a reduction on in-hospital mortality in MI
patients with nearly normal lipid levels.

Methods: Prospective registry database analysis of Ml patients admitted between 2001 and 2007 at a single
university hospital from which demographics, treatments, clinical variables, and mortality were assessed.
Patients naive to statin therapy were divided in 2 groups, according to whether they received (group A) or did
not receive (group B) statins during the first 24 hours after admission.

Results: In the 1465 patients analyzed, mean plasma levels of total cholesterol, low-density lipoprotein
cholesterol, and high-density lipoprotein cholesterol (HDL-C) were 197, 117, and 44 mg/dL, respectively, and
41.8% had HDL-C <40 mg/dL. Among statin naTve patients (n =1272), 67% were classified in group Aand 33%
in group B. Overall in-hospital mortality was 4.1%: 1.8% in group A and 8.5% in group B. In the multivariate
analysis, including propensity score for statin prescription, the odds ratio for in-hospital mortality for group A
was 0.971 (95% confidence interval: 0.944-0.999, P=0.04).

Conclusions: Inthe Chilean registry of MI patients, low HDL-C was the main lipid disturbance. Very early statin
use after MI appears to be associated with a borderline significant and independent reduction of in-hospital

mortality.

Introduction

High total cholesterol (total-C) and low-density lipoprotein
cholesterol (LDIL-C) levels are strong risk factors for
myocardial infarction (MI).! Use of statins is a mainstay
of therapy for lowering cholesterol levels and has been
associated with significant reductions in mortality in patients
with coronary artery disease (CAD).23 Accordingly, clinical
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guidelines support the achievement of strict goals for
LDL-C, high-density lipoprotein cholesterol (HDL-C), and
non-HDL-C levels for primary and secondary prevention
of CAD.* However, approximately two-thirds of patients
presenting with MI have LDL-C levels <130 mg/dL, a cutoff
within current primary prevention guideline-recommended
targets for LDL-C.> In addition to reducing LDL-C,
statins exert beneficial pleiotropic properties on endothelial
function, platelet mediated aggregation, and inflammation,
effects that have been associated with reduced reperfusion
injury and infarct size.®” These pleiotropic effects might
confer additional benefit during the early hours following
ML
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In the present study, we analyzed the lipid profiles of
patients admitted with MI, their relationships with statin
prescription, and the impact of very early administration
of statins following MI (ie, within the first 24 hours) on
in-hospital mortality.

Methods

We analyzed the database of patients admitted with acute
MI to the coronary care unit (CCU) at a university
tertiary center between January 2001 and December
2007. Each admitted patient with the diagnosis of MI
was prospectively registered in a specialized observational
clinical record form designed by the working group of the
Chilean MI Registry (GEMI), which has been previously
described.®

Patients with MI fulfilled at least 2 of the following
diagnostic criteria: (1) typical chest pain; (2) ST-segment
deviation > 1mm in 2 or more consecutive electrocardio-
graphic leads; and (3) characteristic elevation of creatine
kinase and/or troponin I. Thus, both patients with ST-
segment elevation myocardial infarction (STEMI) as well as
non-STEMI were included in the analysis. Data entry into
the registry was performed by a trained and skilled nurse
and reviewed by a staff cardiologist from the CCU.

Data Collection

Information from 1465 MI patients was analyzed, including
demographics, coronary risk factors, prior cardiovascular
history, previous and in-hospital treatments, clinical vari-
ables at presentation (eg, heart rate, systolic arterial pres-
sure, Killip class, time from onset of chest pain to treatment),
basic laboratory workup, electrocardiography, location and
type of MI, adverse events during hospitalization (eg,
arrhythmias, heart failure, reinfarction, mechanical com-
plications), and in-hospital mortality. This analysis included
all patients who had full information with respect to statin
use, lipid profile measured at admission, and in-hospital
mortality.

All lipid profiles were measured by the same laboratory
and with the same enzymatic method (Hitachi). HDL-C was
calculated using the Friedewald formula. Because of the
observational nature of this study, patients received a variety
of statins, including atorvastatin, simvastatin, rosuvastatin,
and pravastatin.

For the purposes of analysis, patients who were not
previously receiving statins were divided into 2 groups:
(group A) very early administration of statins (defined as
initiation within the first 24 hours after MI) and (group B)
no very early administration.

Data Analysis

Statistical analysis was made using Stata 8.0 software
(StataCorp, College Station, TX). Descriptive statistics
were generated for baseline demographics and clinical
characteristics across patient groups. Fisher exact test,
Student ¢ test, and univariate and multivariate logistic
regression were used. Unadjusted odds ratios (ORs) and 95%
confidence intervals (CI) for in-hospital mortality according
to statin use groups (A and B) and type of MI (STEMI and

non-STEMI) were determined. A 2-tailed P value <0.05 was
considered statistically significant.

To control for confounding variables associated with
in-hospital mortality, a logistic regression analysis was
performed. In the first block, data on demographics,
prior cardiovascular history, duration of symptoms upon
admission, and year of infarction were entered. The second
block included clinical variables on admission: heart rate,
systolic arterial pressure, Killip class, MI type and location,
and lipid profile. Medical and interventional treatments
received during the first 24 hours after MI were added
to the third block. Blocks were entered cumulatively until
the complete model was produced.

To minimize any bias due to the prescription of statins
during the first 24 hours, a propensity score was generated.’?
This method indicates the propensity of having the same
baseline characteristics for each patient. The probability of
receiving statins was assessed by a multivariate regression
analysis that included all variables previously described.
This propensity score was added to the analysis and led to
the final model.

Results

We analyzed 1465 patients in this study, 46% of whom
had STEMI. Demographic and clinical characteristics of
patients according to gender are shown in Table 1. Mean
plasma levels of total-C, LDL-C, and HDL-C were 197 mg/dL,
117mg/dL, and 44mg/dL, respectively. Women showed
significantly higher total-C levels, mainly driven by higher
HDL-C. The histograms in Figure 1 show the distribution of
LDL-C and HDL-C for the whole population. Interestingly,
62.3% of patients had LDL-C levels within acceptable limits
according to current guidelines?* (ie, LDL-C <130 mg/dL),
and few patients (14.9%) had high LDL-C (>160mg/dL).
The majority of patients (89.2%) had HDL-C levels
<60mg/dL, and a significant proportion (41.8%) had very
low HDL-C levels (<40 mg/dL). Therefore, most patients
recorded in our registry had normal range LDL-C and
markedly low HDL-C levels.

Only 13% of patients were on statin therapy before their
MI, and 58% received the medication very early after
admission. The remaining 29% of patients were neither using
nor were started on statins during the early hours following
MI. As shown in Figure 2, very early use of statins increased
progressively throughout the study period, whereas early
prescription of other commonly used drugs after MI did not
change during the same period of time.

Given that the majority of patients were not receiving
statins at the time of admission, we focused on statin-naive
patients to analyze the influence of its initiation on the very
early phase following MI. Even though average LDL-C levels
were below the threshold of 130 mg/dL, lipid levels were
significantly higher among patients who were prescribed
statins within the first 24 hours after admission (Table 2). Of
note, 77% of patients with LDL-C >100mg/dL on admission
were prescribed statins within the first 24 hours vs 57% of
patients with LDL-C <100 mg/dL at entry (P < 0.001). This
association was maintained after multivariate analysis (OR:
2.5, 95% CI: 1.8-3.5) for early statin prescription in patients
with LDL-C >100 mg/dL. Thus, two-thirds of patients were
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Table 1. Demographic, Cardiovascular, and Clinical Characteristics of Patients With Myocardial Infarction on Admission, According to Gender

Total, N = 1465 (100)

Age,y 64 (13)
STEMI, % 45.3
Hypertension, % 58.9
Hyperlipidemia, % 50.1
Diabetes mellitus, % 23.4
CKD, % 0.2
CDFH, % 19.4
Smoking, % 34.1
Previous MI, % 16.1
Previous heart failure, % 5.2
Thrombolysis, % 3.9
1° PCl, % 27.2
SAP on admission, mm Hg 137 (26)
HR, bpm 79 (19)
Killip >1, % 18.7
Peak CK, U/L 1481 (1465)
Plasma glucose, mg/dL 149 (71)
Total cholesterol, mg/dL 197 (47)
HDL-C, mg/dL 44 (13)
LDL-C, mg/dL 117 (42)
Triglycerides, mg/dL 186 (134)
VT-VF, % 0.7
Reinfarction, % 0.3
Heart failure, % 7.5
Mortality, % 4.1

Males, n = 1075 (73.3) Females, n =390 (26.7) P Value
61 (11) 70 (14) <0.001
44 49 0.044
57 64.1 0.007
52 45.1 0.009
23.6 23 0.4
0.2 0.2 0.5
20.9 15.3 0.008
38.5 22.3 <0.001
17 13.5 0.05
5.0 5.6 0.3
4.7 1.8 0.004
29 22.3 0.005
137 (22) 138 (32) 0.3
78 (18) 81 (20) 0.003
16.9 23 0.004
1575 (1912) 1205 (1115) <0.001
148 (70) 151 (68) 0.2
195 (465) 203 (51) 0.03
43 (23) 55 (37) 0.001
115 (41) 118 (51) 0.2
195 (141) 157 (103) 0.001
1 0.2 0.06
0.2 0.7 0.1
6.6 10 0.01
3.3 6.2 0.006

Abbreviations: CDFH, cardiovascular disease family history; CK, creatine kinase; CKD, chronic kidney disease; HDL-C, high-density lipoprotein cholesterol;
HR, heart rate; LDL-C, low-density lipoprotein cholesterol; MI, myocardial infarction; PCl, percutaneous coronary intervention; SAP, systolic arterial
pressure; STEMI, ST-segment elevation myocardial infarction; VF, ventricular fibrillation; VT, ventricular tachycardia.

Pvalue is for the comparison between males and females. Data are presented as mean (standard deviation) except where otherwise indicated.

given statins within the first 24 hours after admission (group
A), and one-third did not receive these drugs soon after M1
(group B). Of the 422 group B patients, 234 (55%) were
discharged on statins, with 82% of those patients initiating
therapy on the day of discharge.

Overall in-hospital mortality was 4.1%, but differed among
the statin-naive groups: 1.8% for group A and 8.5% for
group B (P < 0.001). In patients with STEMI, the difference
in in-hospital mortality was even more pronounced: 2.0%
and 11.8% for groups A and B, respectively (P <0.001).
For non-STEMI patients, in-hospital mortality was 1.7% for
group A and 5.1% for group B (P=0.05). After adjusting
for confounding variables, the OR for overall in-hospital
mortality was 0.96 (95% CI: 0.93-0.98) for group A vs B
(Figure 3). In STEMI patients the adjusted OR was 0.93

(95% CI: 0.89-0.96) (Figure 3). In the full model, which
included the propensity score for statin prescription, the OR
for in-hospital mortality for group A vs B was 0.971 (95% CI:
0.944-0.999, P =0.04) (Figure 3).

Patients with previous MI (235 patients) had an average
LDL-C of 107 mg/dL, a value considered inappropriate for
secondary prevention according to current guidelines.? In
fact, only 15% of these patients presented with LDL-C below
70mg/dL, which is currently suggested to be the goal.
Interestingly, 65% of patients with previous MI were statin
naive at the moment of presentation, and a significant
difference in in-hospital mortality was found between those
statin naive patients who received very early statins in
comparison with those who did not (2.2% vs 12%, P < 0.001).
No differences in life-threatening cardiac arrhythmias (1%
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Figure 1. Lipoprotein levels histograms for patients admitted with
myocardial infarction. (A) LDL-C levels. (B) HDL-C levels. Abbreviations:
HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density
lipoprotein cholesterol.
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Figure 2. Changes in prescription patterns during the first 24 hours for
myocardial infarction patients throughout the study period (2001-2007).
Abbreviations: ACEl, angiotensin-converting enzyme inhibitor; ASA,
aspirin; BB, B-blocker.

and 0.2% for groups A and B, respectively; P=0.1) or
nonfatal reinfarction (0.2% and 0.4%, respectively, P =0.5)
were observed. However, group B patients had a higher
incidence of heart failure during their hospitalization (11%
vs 5%; P <0.001). Killip class > 1 at admission remained
significantly associated with mortality in the full propensity
model, with an OR of 1.035 (95% CI: 1.002-1.069, P = 0.03).

Discussion

This observational study provides useful information about
several issues related to MI in Chile and perhaps in
Latin America, an under-represented region in large
cardiovascular trials. In this population, cholesterol levels
in patients suffering MI are characterized by a near-normal
LDL-C and low HDL-C pattern. These values are similar
to those seen in the general Chilean adult population, as
reported in 2 national health surveys conducted during
2003 and 2010.1011 There, reported mean levels for total-C,

LDL-C, and HDL-C were 189mg/dL, 113mg/dL, and
47mg/dL, respectively. The global INTERHEART study
found that abnormal lipids and smoking were the main
risk factors for MI and contributed to two-thirds of the
population attributable risk (PAR).! Of note, only 11% of
the INTERHEART population came from Latin America.
In the Latin American substudy of INTERHEART, lipid
levels had a lower weight as risk factor; however, marked
differences among participating countries were found: the
PAR for the ratio of apolipoprotein (Apo) B to ApoA-1 was
larger in Argentina (67.6%) and Brazil (57.0%) than in Chile
(35.2%) .12

Our data provide important insights about the early
initiation of statin therapy following MI. Although we
analyzed an academic hospital where activities are subject
to a high level of scrutiny, one-third of MI patients did
not receive statins in the first hours after their event.
However, over the course of the study period, the very
early use of statins steadily increased, reaching its highest
rate in 2007. By 2007, nevertheless, almost 10% of patients
did not receive statins in the immediate aftermath of MI,
despite widespread awareness of large trials such as the
Pravastatin or Atorvastatin Evaluation and Infection Therapy
(PROVE-IT) and Myocardial Ischemia Reduction with Acute
Cholesterol Lowering (MIRACL) trials.!314 Large national
registries have clearly shown that the administration of
statins during the early phase of acute MI has consistently
increased.'®16 Data from the United States National Registry
of Myocardial Infarction show that in 2000, 40% of patients
did not receive statins during the first 24 hours following
ML Later, in 2009, the same registry reported that more
than 80% of patients with a new MI were discharged
on statins.!® Similarly, a French MI registry has shown
that only 12% of patients did not receive statins during
an acute coronary syndrome (ACS).!? In our population,
there appears to be a relationship between LDL-C on
admission and the probability of receiving early statins.
Those patients with LDL-C considered unacceptable for
secondary prevention (ie, LDL-C >100mg/dL) were more
commonly administered very early statins compared with
those patients who presented with lower levels.

This registry also shows that very early administration of
statins, in addition to other evidence-based therapies, during
the course of MI is associated with a small but significant
reduction in in-hospital mortality. This association persisted
after adjustment for confounding variables and probability
of receiving statin therapy. Clinical trials (eg, PROVE-IT,
MIRACL, and Incremental Decrease in End Points Through
Aggressive Lipid Lowering [IDEAL]) that evaluated the
effects of statins initiated 3 to 7days after ACS showed
that the administration of these drugs was associated with
a significant reduction in adverse cardiovascular events
and long-term mortality.131420 Meta-analyses including the
major trials evaluating the effects of intensive statin use
following ACS have demonstrated similar results.21-22

Similar to our findings, a thorough analysis of more than
300000 patients from an MI database in the United States,
performed by Fonarow and colleagues, showed significantly
lower rates of early complications and in-hospital mortality
among patients treated with statins within the first 24 hours
of presentation.!” On the other hand, a later report that
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Table 2. Demographic, Cardiovascular, and Clinical Characteristics of Statin Naive Patients With Myocardial Infarction on Admission, According to Statin
Use

Group Very Early Start, Group A, (n =850) No Very Early Start, Group B (n = 422) P Value
Age,y 62 (13) 67 (14) <0.001
Women, % 26.7 31 0.001
STEMI, % 57 54 <0.001
Hypertension, % 55.5 60 <0.001
Hyperlipidemia, % 48 40 <0.001
Diabetes mellitus, % 21 24 0.008
CKD, % 0.2 0.2 0.2
CDFH, % 20.5 17 0.1
Smoking, % 37 28 <0.001
Previous MI, % 10 15 <0.001
Previous heart failure, % 5.5 3 <0.001
Thrombolysis, % 4 3 0.7
1° PCl, % 30 25 0.002
SAP on admission, mm Hg 138 (26) 135 (29) 0.01
HR, bpm 79 (18) 82 (19) 0.001
Killip >1, % 17 33 0.01
Peak CK, U/L 1572 (1981) 1492 (1695) <0.001
Plasma glucose, mg/dL 146 (66) 153 (79) 0.04
Total cholesterol, mg/dL 208 (46) 183 (43) <0.001
HDL-C, mg/dL 46 (22) 47 (37) 0.1
LDL-C, mg/dL 125 (53) 105 (37) <0.001
Triglycerides, mg/dL 190 (133) 186 (43) 0.05
VT-VF, % 1 0.2 0.3
Reinfarction, % 0.2 0.4 0.5
Heart failure, % 5 11 <0.001
Mortality, % 1.8 8.5 <0.001

Abbreviations: CDFH, cardiovascular disease family history; CK, creatine kinase; CKD, chronic kidney disease; HDL-C, high-density lipoprotein cholesterol;
HR, heart rate; LDL-C, low-density lipoprotein cholesterol; MI, myocardial infarction; PCl, percutaneous coronary intervention; SAP, systemic arterial

pressure; STEMI, ST-segment elevation myocardial infarction; VF, ventricular fibrillation; VT, ventricular tachycardia.
P value is for the comparison between group A and group B. Data are presented as mean (SD) except where indicated otherwise. Very early start was

defined as initiation of statins within the first 24 hours after MI.

evaluated the influence of treatment initiated during the
first 2 days after admission showed no significant effect at 4
and 12 months after discharge.??

There are several possible mechanisms that could help
us understand the association between statins administered
in the early phase of MI and in-hospital mortality. Beneficial
effects on endothelial function and modulating properties
over inflammation cascades are thought to be responsible
for the stabilization of the atherosclerotic plaque induced
by statins.?*~%6 Timing and dose of statin therapy appear

to influence its impact on inflammatory and endothelial
responses during MI.2” Moreover, a meta-analysis showed
that postprocedural myocardial infarctions, particularly after
percutaneous coronary interventions, are reduced by pre-
procedural use of statins.?? Statin therapy is also associated
with reductions in the activity of a number of coagulation
factors (ie, tissue factor, prothrombin, factor VII), which
may reduce stability of the fibrin clots or clot formation.2-3

Trained personnel completed our prospective database
rigorously and with strict criteria. Nevertheless, the
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Figure 3. Unadjusted, adjusted, and propensity score odds ratios for
in-hospital mortality among myocardial infarction patients. Group A were
patients who received very early initiation of statins (ie, within the first
24 hours after myocardial infarction). Group B were patients who did not
receive very early initiation of statins. Abbreviations: Cl, confidence
interval; STEMI, ST-segment elevation myocardial infarction.

observational nature of this study and the small sample
size constitute limitations. To minimize this bias, a
comprehensive statistical analysis was performed to obtain
consistent and reliable results. We limited our analysis to
only 1 of the participating hospitals of the GEMI. This
decision was made to homogenize the laboratory data,
because at the time of the study different laboratory
techniques to determine the lipid profile were utilized in
Chilean hospitals. Unfortunately, the GEMI registry does
not provide data about the dose and type of statins prescribed
to patients. Thus, the possible influence that different doses
of these drugs could have on in-hospital mortality could not
be addressed in the present study.

Conclusion

Low HDL-C was the main lipid disturbance in our studied
population. Two-thirds of patients received statins during
the early hours following MI, and this strategy was more
commonly used in patients with higher LDL-C levels on
admission and throughout the study period. Finally, we
found an association that supports the cardioprotective
effects of statins when used in the first 24 hours after MI.
However, the design of our study did not allow us to establish
adirect relationship between very early statin use and reduc-
tion in in-hospital mortality. Therefore, prospective clinical
trials to evaluate this hypothesis are of great clinical inter-
est. The findings from our registry support strategies that
encourage very early use of statins in patients with acute MI.
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