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After acute myocardial infarction, patients remain at high
risk for recurrent cardiovascular events and mortality.
Despite the compelling scientific and clinical trial evidence
that lipid-lowering medications reduce mortality in patients
after acute myocardial infarction, this life-saving therapy
continues to be underutilized. A number of studies in a
variety of clinical settings have documented that a significant proportion of patients after myocardial infarction are
not receiving treatment with lipid-lowering medications
when guided by conventional care. It has recently been
demonstrated that implementation of a hospital-based
system for initiation of statins prior to hospital discharge
results in a marked increase in treatment rates, improved
long-term patient compliance, more patients reaching lowdensity lipoprotein levels of less than 100 mg/dL, and
improved clinical outcomes. Adopting in-hospital initiation
of lipid-lowering medications as the standard of care for
patients hospitalized with acute myocardial infarction could
dramatically improve treatment rates and thus substantially
reduce the risk of future coronary events and prolong life
in the large number of patients hospitalized each year.

major clinical practice and public health issue. This article
reviews the studies documenting the current under-use of
lipid-lowering therapies and identifies successful strategies
and programs that have been demonstrated to improve
treatment rates and clinical outcomes in this high-risk
patient population.

Cardiovascular Risk After
Myocardial Infarction
This year, 1.1 million individuals in the United States
will have a new or recurrent acute MI [1]. It is estimated
that there are 7.3 million individuals (4.5 million men and
2.8 million women) who have a history of acute MI [1].
The cardiovascular risk after acute MI remains substantial.
Within 1 year after an acute MI, 25% of men and 38% of
women will die [1,2]. Within 6 years of a clinically evident
event, 18% of men and 35% of women will have had
a recurrent MI. During this time frame, approximately
22% of men and 46% of women will go on to develop
congestive heart failure [1]. Patients with a prior history of
MI are five to seven times more likely to sustain a cardiovascular event compared with individuals without
clinically evident atherosclerotic vascular disease. These
patients remain at risk for recurrent events even if they are
entirely asymptomatic, have no demonstrated ischemia on
stress testing, and even if they have undergone complete
revascularization. Patients after acute MI thus constitute a
very high-risk group for recurrent coronary events and
cardiovascular mortality.

Introduction

Benefits of Lipid-lowering Medications

There is compelling scientific evidence that lipid-lowering
therapy reduces the risk of recurrent coronary events and
improves survival in patients who have suffered a myocardial infarction (MI). Despite this evidence, as well as
national and international clinical guidelines recommending lipid-lowering treatment in patients with clinically
evident atherosclerotic vascular disease, including post-MI
patients, a number of studies have documented low
treatment rates in this patient population. The use of lipidlowering medications in the post-MI setting represents a

There is overwhelming scientific evidence that lipid-lowering therapy reduces the risk of recurrent cardiovascular
events and improves survival in patients after MI
[3,4••,5,6,7••]. Prospective, randomized clinical trials,
including the Scandinavian Simvastatin Survival Study
(4S) [5] and the Long-Term Intervention with Pravastatin
in Ischemic Disease (LIPID) [6] trials, demonstrate a
significant reduction in mortality with 3-hydroxy-3methylglutaryl coenzyme A (HMG CoA) reductase
inhibitors (statins) in post-MI patients, including those
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patients with elevated, mildly elevated, or normal
cholesterol levels [5,6]. The LIPID trial demonstrated that
in patients after MI or with unstable angina with baseline
cholesterol levels of 155 to 271 mg/dL, there is a substantial reduction in all-cause mortality when a lipidlowering medication (statin) is added to modified diet
alone [6]. The benefits of lipid-lowering medications apply
to both men and women, patients older and younger than
65 years of age, and to both diabetic and nondiabetic
patients [7••8–10]. Thus, the vast majority of the post-MI
patients would be expected to be appropriate candidates
for lipid-lowering medication. The magnitude of benefit
with lipid-lowering medications matches or exceeds the
benefits seen with other secondary prevention medications
(eg, aspirin, β blockers, and angiotensin converting
enzyme [ACE] inhibitors) in the post-MI patient [4••,11].
National and international clinical practice guidelines
call for the use of lipid-lowering medications in patients
after MI. The National Cholesterol Education Program
(NCEP)-Adult Treatment Panel II [12] and III [13••]
Guidelines and the American Heart Association/American
College of Cardiology (AHA/ACC) Secondary Prevention
Clinical Guidelines recommend that patients with documented coronary artery disease, including those who are
post-MI, be treated to achieve a low-density lipoprotein
(LDL) cholesterol level of less than 100 mg/dL [4••]. It has
been documented that only 3% to 7% of patients with
acute MI have baseline steady-state LDL cholesterol levels
that are below 100 mg/dL or achieve this target with diet
and exercise alone [14–16]. Thus, the vast majority of
patients after MI will be candidates for lipid-lowering
medications in addition to lifestyle modification [17].
Measurement of treatment rates with lipid-lowering
therapy in patients after MI is increasingly being viewed as
an appropriate quality-of-care performance indicator.
The frequency of lipid measurement and treatment to goal
in patients hospitalized with coronary artery disease
were recently added to the Health Plan Employer and
Data Information Set (HEDIS) 2000 quality-of-care
measures [18•].

Treatment Gap in Patients After
Myocardial Infarction
Despite the effectiveness of lipid-lowering therapy in altering subsequent cardiovascular mortality and widespread
dissemination of national treatment guidelines, studies
continue to document low treatment rates in patients with
established coronary artery disease, including high-risk,
post-MI patients (Table 1) [19•,20•,21,22,23•,24–26].
Recent physician practice in the United States regarding
prescribing lipid-lowering medication to patients hospitalized for acute MI was assessed in an analysis of 138,001
patients from 1470 hospitals in the National Registry of
Myocardial Infarction 3 from July, 1998 to June, 1999
[19•]. This study revealed that only 31.7% of patients

hospitalized with acute MI were discharged on a lipidlowering medication. Among patients with prior history
of coronary artery disease, revascularization procedure,
or diabetes, less than half the patients were discharged
on treatment. Elderly patients, independent of associated
co-morbidities, were at increased risk for being discharged
without lipid-lowering therapy. Women were also less
likely to be treated with lipid-lowering medications, with
34.8% of men discharged on lipid-lowering therapy
as compared with 26.8% of the women (P<0.0001). This
difference was not entirely due to differences in age of
presentation with MI (Fig. 1). A variety of other clinical,
demographic, treatment, and process of care factors that
significantly influenced treatment utilization of lipidlowering medications were also identified.
Other studies have shown similar under-use of lipidlowering therapy in high-risk hospitalized patients.
Among the 20,809 patients hospitalized with an acute
coronary syndrome and enrolled in the Platelet Glycoprotein IIb/IIIa in Unstable Angina: Receptor Suppression
Using Integrilin Therapy (PURSUIT) trial or Global Use
of Streptokinase or t-PA for Occluded Coronary Arteries
(GUSTO) IIb trial, only 3653 patients (17.6%) were
discharged on lipid-lowering therapy [20•]. This low use of
lipid-lowering therapy was seen despite the fact that 68%
of the patients in these two studies had a history of MI or a
MI at the time of enrollment. In a study of 19,599 acute MI
patients hospitalized at 58 Swedish Hospitals, only 28.2%
of patients younger than 80 years of age were discharged
on statins [21]. An analysis of elderly patients hospitalized
for acute MI in 37 community hospitals in Minnesota from
1995 to 1996 showed a treatment rate of 37% at time
of discharge in patients with cholesterol levels greater
than 200 mg/dL [22].
In the outpatient setting, this treatment gap for lipidlowering therapy in post-MI patients persists. The Quality
Assurance Project (QAP) analyzed treatment rates in 48,586
outpatients with documented coronary heart disease (29%
with prior history of MI) from 140 medical practices (80%
cardiology) [23•]. Only 39% of these patients were treated
with lipid-lowering medications, and only 11% were documented to have a LDL cholesterol level less than 100 mg/dL.
In the Third National Health and Nutrition Examination
Survey (NHANES III), lipid-lowering medication was used in
only an estimated 11% of participants with a history of MI
[24]. In the Lipid Treatment Assessment in Practice (L-TAP)
study [25], only 18% of outpatients with coronary heart
disease treated for hyperlipidemia had LDL cholesterol less
than 100 mg/dL. This was not due to a lack of provider
knowledge, because 95% of the surveyed physicians reported
that they were knowledgeable on the National Cholesterol
Education Program guidelines, and 65% reported they
follow the guidelines on most patients (Fig. 2). A significant
treatment gap for secondary prevention has also been
documented in 47 centers in 15 European countries that
participated in the EURO-ASPIRE II study [26].
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Table 1. Lipid-lowering treatment use in patients after myocardial infarction
Study
Fonarow et al. [19•]
Aronow et al. [20•]
Stenestrand and
Wallentin [21]
Sueta et al. [23•]
Schrott et al. [28]
Pearson et al. [25]
Pearson et al. [29]

No. of patients

% post-MI

% Rx LLA

% LDL <100 mg/dL

Setting

138,001
20,809
19,599

100%
68%
100%

32%
18%
28%

-

Hospital discharge
Hospital discharge
Hospital discharge

48,586
2763
4888
6555

29%
39%
25%
52%

39%
47%
NA
66%

11%
9%
18%
28%

Outpatient
Outpatient
Outpatient
Outpatient

LDL—low-density lipoprotein; LLA—lipid-lowering agent; MI—myocardial infarction.
Figure 1. The association of patient age and sex
with the prescription of lipid-lowering medications at hospital discharge for acute myocardial
infarction in 138,001 patients in the National
Registry of Myocardial Infarction 3. (Data from
Fonarow et al. [19•].)

Low lipid-lowering treatment rates for patients after MI
in the outpatient setting extend to leading academic
medical centers, centers participating in secondary prevention trials, and prominent community cardiovascular care
centers. Miller et al. [27] evaluated the use of lipid-lowering
therapy for patients with coronary artery disease in 825
men and women who were recruited from 16 academic
medical centers for the Prospective Evaluation of the
Vascular Events of Norvasc Trial, 45% of whom had a prior
history of acute MI. At study completion in 1997, only
31% of men and 12% of women were treated to a LDL
cholesterol level of less than 100 mg/dL. In the Heart
and Estrogen/Progesterone Replacement Study (HERS)
among 2763 postmenopausal women with documented
coronary heart disease, only 9% had been treated to a
LDL cholesterol level of less than 100 mg/dL [28]. The
American College of Cardiology Evaluation of Preventive
Therapeutics (ACCEPT) study [29], which evaluated 6875
patients from 55 centers in the United States, showed
that at 6 months after cardiac hospitalization, despite
prospective monitoring, only 28% of patients were at goal
for LDL cholesterol.
Together, these studies demonstrate that under conventionally guided management, regardless of the healthcare

delivery system, an unacceptably large number of MI
patients are left untreated or undertreated with lipidlowering therapy. Given the substantial number of patients
at risk and the benefits of therapy, there is an urgent need
to adopt effective strategies that will improve the number
of post-MI patients who are being effectively treated with
lipid-lowering therapy.

Barriers to Treatment and
Contributing Factors
A number of barriers to implementing risk factor
modification, including lipid-lowering therapy, in patients
with coronary heart disease were highlighted at the 27th
American College of Cardiology Bethesda Conference [30].
These included physicians being focused on acute
problems, time constraints and lack of incentives, lack of
training, and limited resources and outpatient facilities.
It has more recently been recognized that the setting in
which treatment is initiated may be a very import factor
influencing treatment rates [31]. Early treatment guidelines
and algorithms, such as the NCEP I and II, had recommended delaying baseline lipid assessment and treatment
until 6 weeks after acute presentation in recognition that the
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Figure 2. Results of a multicenter survey to evaluate the percentage
of dyslipidemic patients receiving lipid-lowering therapy and achieving low-density lipoprotein cholesterol goals. Although 95% of
physicians surveyed responded that they were aware of the National
Cholesterol Education Program (NCEP) treatment goals, only 18%
of these physician’s coronary heart disease (CHD) patients had
been treated to goal. Provider awareness alone is not sufficient to
ensure adequate lipid-lowering treatment in the out-patient setting.
(Data from Pearson et al. [25].)

acute phase response triggered by acute MI and coronary
artery bypass grafting can substantially lower total and LDL
cholesterol [12]. As a result, the first opportunity for
beginning treatment was delayed to a time when the patient
may no longer feel they are at risk for recurrent events. There
are frequently fewer resources available in the out-patient, as
opposed to the in-patient, setting and coordination of care
between cardiologists and generalists may be more difficult.
When treatment is initiated in the out-patient setting, a
number of studies have shown low patient-compliance rates
with lipid-lowering medications [32,33]. By recommending
a delay in the assessment of lipid levels and the initiation of
lipid-lowering treatment in hospitalized coronary heart
disease patients, an important treatment opportunity was
missed inadvertently.
The studies assessing utilization of lipid-lowering
therapy in patients after MI have consistently identified a
variety of clinical, demographic, treatment, and process-ofcare factors that significantly influenced treatment use of
lipid-lowering medications [19•,20•,21,22,23•]. This
would seem to indicate that lipid-lowering medication use
is impacted by physician education and the process of care
in place within the healthcare delivery system, and thus
could be favorably impacted by educational initiatives,
quality improvement programs, and treatment systems.

Effective Strategies to Improve Treatment
Institution of lipid-lowering therapy in the in-patient
setting for patients hospitalized with acute MI has a

number of advantages. Measurement of lipid levels can
be systematically integrated into the diagnostic testing
performed during cardiac hospitalization through the use
of preprinted orders and care maps. The fact that lipid
panels obtained in the first 12 to 24 hours of hospital
admission have been shown to reasonably reflect steadystate lipid levels at 6 weeks removes a perceived barrier to
initiating lipid-lowering therapy in the hospital setting
[34,35]. The structured setting within the hospital can
facilitate the initiation of lipid-lowering treatment through
the use of physician prompts and reminders such as
preprinted order sets, discharge forms, and involvement of
other healthcare professionals. Hospital-based initiation of
therapy may help to alleviate patient concerns regarding
medication tolerability and side effects. Linking the
initiation of lipid-lowering medication and other secondary prevention measures to the patient’s cardiac hospitalization conveys the message that this therapy is essential
for the prevention of recurrent events and is an essential
part of the patient’s long-term treatment.
Other evidence provides support for the concept that
in-hospital initiation of lipid-lowering medications could
be a more effective way to ensure treatment is started and
continued. Studies in other patient populations, such as
those with heart failure, have demonstrated that ACE
inhibitors initiated at the time of hospitalization as part of
a disease-management program result in higher utilization
rates at 6 months as compared with treatment-utilization
rates in conventionally managed out-patients [36].
Initiation of interventions for smoking cessation while
patients are hospitalized with acute MI have been shown to
result in higher cessation rates than interventions initiated
in the out-patient setting [37]. There have been substantially higher utilization rates 1 year after hospital discharge
for therapies such as aspirin and β blockers, which are
initiated prior to hospital discharge, as compared with
therapies such as lipid-lowering medications, which are
conventionally initiated on an outpatient basis [26,29].
Studies have also demonstrated that treatment rates for
aspirin and β blockers in acute MI patients can be significantly improved though the use of hospital-based
programs, and these type of programs would be expected
to be similarly effective in improving utilization of lipidlowering medications [38].
Proof of concept that in-hospital initiation of lipidlowering medications and other secondary prevention
measures improves treatment rates and long-term patient
compliance was provided by the University of California,
Los Angeles Cardiovascular Hospitalization Atherosclerosis Management Program (CHAMP) [39••]. This program,
initiated in a university hospital setting in 1994, focused
on initiation of aspirin, statin (titrated to achieve LDL
cholesterol levels <100 mg/dL), β blocker, and ACE
inhibitor therapy in conjunction with dietary and exercise
counseling in patients with established coronary heart
disease prior to hospital discharge. Preprinted orders, care
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maps, discharge forms, physician/nursing education, and
treatment utilization reports were employed to facilitate
program implementation. Lipid-lowering medication use
at the time of discharge increased from 6% before initiation of the program to 86% after CHAMP was implemented (P<0.001). Improved utilization of aspirin,
β blockers, and ACE inhibitors was also observed (Table
2). Importantly, the in-hospital initiation of lipid-lowering
had a dramatic effect on long-term treatment rates and
patient compliance. With CHAMP, 1 year after hospital
discharge 91% of coronary heart disease patients were
treated with statins and 58% were documented to have
LDL cholesterol of less than 100 mg/dL, compared with
10% and 6%, respectively, with conventional management
before CHAMP was implemented (P<0.01). This improved
use of lipid-lowering medications, along with other cardioprotective therapies, was associated with a significant
reduction in clinical events the first year after discharge: the
death and nonfatal MI rate decreased from 14.8% to 7.3%
(odds ratio of 0.43; P<0.01) [39••]. These improved treatment rates have been sustained over an 8-year period.
More recently, other studies have demonstrated that
high rates of lipid-lowering treatment initiation can be
achieved with a hospital-based system. A pharmacy-based
program that included placing lipid-treatment reminders
on charts of patients hospitalized with coronary heart
disease demonstrated an increase in treatment rates to
77% at time of discharge [40]. In an analysis of the 10,288
patients in the OPUS-TIMI 16 study of patients hospitalized with an acute coronary syndrome, 90% of patients
who were started on statin treatment in the hospital
remained on therapy at 10 months [41]. These and other
studies demonstrate that hospital-based programs can substantially improve the lipid-lowering medication treatment
rates in patients after acute MI.

Potential Early Benefits of Statin Treatment
Beyond the long-term benefits of improved treatment with
lipid-lowering medications, in-hospital initiation of statin
treatment may also be associated with an early benefit in
reducing cardiovascular events, one that could be missed if
therapy is delayed. In the Myocardial Ischemia Reduction
with Aggressive Cholesterol Lowering (MIRACL) study
[42], 3086 patients hospitalized for unstable angina or
non–Q-wave MI were randomized within 24 to 96 hours
of admission to receive 80 mg/d of atorvastatin or placebo.
Although patients with total cholesterol greater than 270
mg/dL were excluded, there was no lower limit for total
cholesterol or LDL cholesterol, and mean LDL cholesterol
was only 124 mg/dL. In the brief follow-up of only 4
months, there was a 16% relative risk reduction in cumulative ischemic events (14.8% vs 17.4%; P=0.048), with the
majority of benefit due to a reduction in worsening angina
with new objective evidence of ischemia requiring urgent
rehospitalization (6.2% vs 8.4%; P=0.02). In-hospital
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initiation of statin therapy was also safe and well tolerated,
with no difference in the withdrawal rate between statin
and placebo treatment [42]. A number of cohort studies
comparing patients who received statin therapy in-hospital
with those discharged without statin therapy have shown
that being discharged home on statin therapy after an
acute coronary syndrome is associated with an early and
striking reduction in mortality [20•,21,41].
In-hospital initiation of therapy can also work in a
complimentary fashion with out-patient disease management and preventive cardiology programs. Prior studies
have demonstrated the value of these out-patient programs
to improve risk factor modification in patients after MI. A
physician-directed, nurse-managed, home-based casemanagement system was compared with usual medical
care in 585 men and women discharged after MI in a
health maintenance organization [16]. Specialty trained
nurses initiated interventions for smoking cessation,
exercise training, and diet counseling prior to hospital
discharge, followed by monitoring and drug therapy for
hyperlipidemia on an out-patient basis. In this study, 93%
of the special-intervention patients required lipid-lowering
medications, as their LDL cholesterol level remained above
100 mg/dL 90 days after discharge, despite intensive diet
and exercise counseling and monitoring. The specialintervention patients had greater rates of smoking
cessation, improved functional capacity, and lower LDL
cholesterol (107 ± 30 mg/dL vs 132 ± 30 mg/dL) as
compared with usual care. The need to hire additional
medical personnel (ie, specialty trained nurses) may limit
the application of this type of system outside of health
maintenance organizations. Other studies have demonstrated improved treatment rates in specialty lipid clinics
and cardiac rehabilitation programs, but these systems
were applied to a selected patient population representing
only a small proportion of the patients with coronary
artery disease being cared for in the healthcare delivery
system from which the patients were drawn [43,44]. Inhospital initiation of therapy can help to ensure lipidlowering treatment in patients who will not have access to
outpatient disease management and preventive cardiovascular care programs.
The NCEP and AHA/ACC national guidelines have very
recently been revised and now recommend the assessment
of lipid levels within 24 hours of admission and inhospital initiation of lipid-lowering medications in appropriately selected patients hospitalized with cardiovascular
disease [4••,13••]. An essential element of the new AHA
program, "Get With The Guidelines", is the use of protocols and an Internet-based discharge tool to encourage inhospital initiation of lipid-lowering medications and other
secondary-prevention measures proven to save lives in
patients hospitalized with coronary heart disease. The
marked improvement in achievement and maintenance of
LDL cholesterol targets for the long term, coupled with
potential early benefits and low risks of therapy, are
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Table 2. Treatment rates at hospital discharge and at 1-year follow-up with the Cardiovascuclar
Hospitalization Atherosclerosis Management Program (CHAMP)
Pre-CHAMP (n=256)
Therapy
Aspirin
Beta blocker
ACE inhibitor
Statin
LDL <100 mg/dL

Post-CHAMP (n=302)

Discharge

1 year

Discharge

1 year

78%
12%
4%
6%
-

68%
18%
16%
10%
6%

92%
61%
56%
86%
-

94%
57%
48%
91%
58%

ACE—angiotension-converting enzyme; LDL—low-density lipoprotein.

compelling enough to make in-hospital initiation of lipidlowering medications the standard of care [45].
As reviewed in this article, it has been clearly documented that not enough has been done to ensure the use
of lipid-lowering therapy in high-risk patients after MI.
Projecting available data nationwide, in the year 2000
there were over 750,000 potentially eligible patients
discharged home without lipid-lowering medications after
being hospitalized with an acute MI [19•]. A review of the
evidence from recent trials and clinical studies provides a
compelling argument for implementing lipid-lowering
medications in-hospital as part of a systematic approach to
address the patient’s underlying atherosclerotic disease
process. With optimal use of lipid-lowering medications
in the high-risk patient with coronary heart disease,
as many as 83,000 additional lives could be saved each
and every year.

Conclusions
Despite compelling scientific evidence of the benefits of
lipid-lowering medications in patients with clinically
evident coronary artery disease, a substantial proportion of
patients after acute MI are not on treatment. Applying
hospital-based systems to ensure initiation of lipidlowering medications and other cardioprotective therapies
has been demonstrated to improve treatment rates, longterm patient compliance, and clinical outcomes. The
national guidelines have been revised to recommend that,
in addition to diet and exercise counseling, lipid-lowering
medications be initiated prior to hospital discharge in
patients hospitalized with a cardiovascular event. Widespread application of hospital-based treatment programs
could dramatically increase lipid-lowering treatment
rates with this proven, cost-effective therapy, and thus
substantially reduce the risk of recurrent events and death
in the large number of high-risk patients hospitalized each
and every year.
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