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Abstract

Background—Intensive statins are superior to moderate statins in reducing morbidity and

mortality after an acute myocardial infarction (AMI). While studies have documented rates of

statin prescription as a quality performance measure, variations in hospitals’ rates of initiating,

intensifying and maximizing statin therapy after AMI are unknown.

Methods and Results—We assessed statins at admission and discharge among 4340 AMI

patients from 24 US hospitals (2005–08). Hierarchical models estimated site variation in statin

initiation in naïve patients, intensification in those on sub-maximal therapy, and discharge on

maximal therapy (defined as a statin with expected LDL-C lowering ≥50%), after adjusting for

patient factors including LDL-C. Site variation was explored with a median rate ratio (MRR),

which estimates the relative difference in risk ratios of 2 hypothetically identical patients at 2

different hospitals. Among statin naïve patients, 87% without a contraindication were prescribed a

statin, with no variability across sites (MRR 1.02). Among patients who arrived on sub-maximal

statins, 26% had their statin therapy intensified with modest site variability (MRR 1.47). Among

all patients without a contraindication, 23% were discharged on maximal statin therapy with

substantial hospital variability (MRR 2.79).

Conclusions—In a large, multicenter AMI cohort, nearly 90% of patients were started on statins

during hospitalization, with no variability across sites. However, rates of statin intensification and

maximization were low and varied substantially across hospitals. Given that more intense statin

therapy is associated with better outcomes, changing the existing performance measures to include

the intensity of statin therapy may improve care.
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Statin therapy is a cornerstone of secondary prevention, with a wealth of data to support

their use in nearly all patients after acute myocardial infarction (AMI), regardless of age,

sex, or even baseline low-density lipoprotein cholesterol (LDL-C) levels.1–3 As such,

prescription of statins at discharge is both a Class 1(A) recommendation in the AMI

guidelines4–5 and a performance measure for quality AMI care.6 Importantly, clinical trials

have shown that more potent statins reduce morbidity and mortality after AMI more

effectively than less potent statins.7–11 This was reflected in the 2013 cholesterol guidelines,

which recommended high-intensity statins to all patients with established atherosclerotic

cardiovascular disease.12 Thus, while it is critical that all eligible patients be discharged on a

statin after AMI, it is also important to discharge patients on high doses of potent statins to

maximize their benefit in reducing recurrent ischemic events.

While the prescription of statins in any dose after AMI has been evaluated,13–14 studies have

not examined rates of statin intensification and maximization. Understanding the prevalence

and variations in these important strategies can highlight opportunities to optimize

secondary prevention in this high-risk patient group. To address these gaps in knowledge,

we examined the rates of statin initiation, intensification (among patients who arrived on a

sub-maximal statin), and maximization among over 4000 post-AMI patients from 24 U.S.

hospitals and evaluated patient- and site-level factors associated with more intensive statin

use.

METHODS

Study population and protocol

Details regarding the study design, patient selection, site characteristics and follow-up

assessments of the TRIUMPH study have been previously published.15 Briefly, 4340

patients from 24 U.S. hospitals were enrolled into the TRIUMPH registry between April

2005 and December 2008. Inclusion criteria included biomarker evidence of myocardial

necrosis and additional clinical evidence supporting the diagnosis of an AMI, including

prolonged ischemic signs/symptoms (≥20 minutes) or electrocardiographic ST changes

during the initial 24 hours of admission. Patients were eligible only if presenting initially to

an enrolling institution or if transferred to the enrolling hospital within 24 hours of

presentation. Baseline sociodemographic and clinical data were obtained through chart

abstraction and a detailed structured interview within 24 to 72 hours following admission.

Lipid-lowering medications on admission and at discharge were recorded, as were any

allergies or other contraindications to lipid-lowering therapy. Only patients who were

discharged alive and had no documented contraindications to statin therapy were considered

for our analyses (n=4271). Each participating hospital obtained Institutional Research Board

approval, and all patients provided written informed consent.
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Definition of statin initiation, intensification, and maximization

Initiation of statin therapy was defined as statin prescription on discharge in a patient who

was not on a statin at admission. Among patients who arrived on a sub-maximal statin (i.e.,

a statin with expected LDL-C lowering of <50%), intensification of statin therapy was

defined as either of the following: 1) increase in dose of current statin or 2) change in statin

from a lower potency to a higher potency statin that was expected to result in an additional

10% LDL-C lowering (Table 1). Maximization of statin therapy was defined as discharge on

a statin with a 50% or greater expected reduction in LDL-C12, 16 (i.e., atorvastatin 80mg or

rosuvastatin 20–40mg daily).17

Statistical analysis

Hierarchical modified Poisson regression models with robust standard errors were used to

explore site and patient characteristics associated with statin initiation (among patients

without contraindications who did not arrive on a statin), statin intensification (among

patients who arrived on sub-maximal statins), and statin maximization at discharge (among

all patients without contraindications). Because the outcome (statin therapy) was >10%, we

estimated relative rates directly by using Poisson regression to avoid overestimation of

effect sizes. Covariates for the models included demographics, standard cardiac risk factors,

severity of MI, absence of LDL-C assessment during hospitalization, and baseline LDL-C

level (acquired during hospitalization). Site was entered as a random effect to account for

clustering of patients within hospitals (with an exchangeable within-hospital correlation

structure), and site-level variation was explored with a median rate ratio (MRR), which

estimates the average relative difference in risk ratios of two hypothetical patients being

started on a statin/intensified with therapy if enrolled at two different sites. Cubic splines

were considered for all continuous variables to check for non-linear relationships between

these covariates and the outcome. Additionally, as the data to intensify and maximize statin

therapy among AMI patients with very low LDL-C levels are not as clear, we performed

sensitivity analyses for intensification and maximization, excluding patients with LDL-C

levels <70 mg/dL. For the maximization analysis, we also performed a sensitivity analysis

by excluding 4 hospitals with formularies that favored simvastatin, as this may have affected

the rates of prescription of maximally potent statins. Finally, to examine potential

explanations for the differences in intensification and maximization rates, the site

characteristics of the more-aggressive hospitals in regards to statin intensification and

maximization (≥25% of the time for both) vs. less-aggressive hospitals (<25% of the time

for either) were compared using t-tests for continuous variables and Chi-square test for

categorical variables. All analyses were conducted using SAS v9.2 (SAS Institute, Inc.,

Cary, NC), and statistical significance was determined by a 2-sided p-value of <0.05.

RESULTS

Study population

The patient characteristics of the 4271 patients enrolled in TRIUMPH who were discharged

alive and had no documented contraindications to statin therapy are shown in Table 2. The

mean age of patients was 59 years, 67% were male, and 31% had diabetes. Forty-three

percent of patients presented with ST-elevations, and 92% underwent invasive management
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of their AMI. The analytic cohorts are outlined in Figure 1. Among the 4271 patients

discharged alive without contraindications to statin therapy, 2776 reported that they were not

taking a statin at admission (statin initiation analytic cohort). Of the 1495 patients (35%)

who arrived on a statin, we did not have adequate drug or dose information on 125 patients

at admission to be able to categorize the intensity of their statin therapy. An additional 140

patients were taking a maximal dose of statin at admission, leaving 1230 patients eligible for

the statin intensification cohort. All patients discharged alive without contraindications for

statin therapy were considered eligible for the statin maximization analysis.

Statin prescription patterns

Of the 2776 patients who were statin naïve on presentation for their AMI and had no

contraindications to statin therapy, 2411 patients (87%) were started on a statin during

hospitalization, most commonly atorvastatin (47%) or simvastatin (39%). In a hierarchical,

multivariable model adjusted for patients’ sociodemographic and clinical characteristics,

there was virtually no site-level variability in statin initiation, with an MRR of 1.02 (95% CI

1.01–∞), indicating that the likelihood of 2 identical patients being started on a statin at 2

different sites was nearly identical (Figure 2a). Of the 1230 patients on sub-maximal statins

at admission, 323 (26.3%) had their statin therapy intensified during hospitalization (195

patients [60%] had their dose increased and 128 patients [40%] were switched to a more

potent statin). In a hierarchical, multivariable model adjusted for patient characteristics,

there was modest site level variability observed in statin intensification, with an MRR of

1.47 (95% CI 1.27– 2.58, Figure 2b). After excluding patients with LDL-C levels <70

mg/dL, the rate of statin intensification increased slightly to 29.4%, but there continued to be

modest site level variability (MRR 1.40, 95% CI 1.23–2.42).

Of the 4271 patients who were discharged alive and had no documented contraindications to

statin therapy, 965 patients (22.7%) were discharged on a maximally potent statin (i.e.,

atorvastatin 80mg or rosuvastatin 20–40mg daily). In a hierarchical, multivariable model

adjusted for patient characteristics, there was substantial site-level variability in regards to

statin maximization (Figure 2c), with an MRR of 2.79 (95% CI 2.16–4.65), indicating that 2

hypothetically identical patients would have an almost 3-fold greater likelihood of being

discharged on maximal statin therapy at one random hospital as compared with another.

After excluding patients with LDL-C levels <70 mg/dL, the rate of statin maximization

slightly increased to 24.3%, but there continued to be substantial site-level variability (MRR

2.77, 95% CI 2.14–4.64). In a second sensitivity analysis, after excluding 4 hospitals with

formularies that favored simvastatin, the rate of statin maximization increased to 26.6% but

the site-level variability remained substantial (MRR 2.33, 95% CI 1.85–3.81).

In regard to rates of aggressive lipid management across hospitals, the rates of

intensification and maximization were highly correlated among hospitals (r=0.81, p<0.001),

indicating that these two practice patterns often occur in parallel. The site-characteristics of

the more aggressive hospitals in terms of intensification and maximization compared with

the less aggressive hospitals are shown in Table 3 and the patient characteristics of those

enrolled from those hospitals are shown in Supplemental Table 1. While there were no

statistically significant differences due to small sample size, the 8 more aggressive hospitals
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tended to be larger, more urban, and more likely to be academic than the 16 less aggressive

hospitals.

Patient factors associated with statin prescribing patterns

In the hierarchical multivariable models, there were few patient factors that were associated

with a greater likelihood of statin initiation, intensification, or maximization (Supplemental

Table 2). Patients with lower LDL-C levels were less likely to be started on a statin, were

less likely to have their statin dose intensified, and were less likely to be discharged on a

maximal statin (Supplemental Figure 1a–c). In addition, while there was no difference in the

rate of statin initiation between patients with non-ST-elevation and ST-elevation AMIs,

patients who presented with ST-elevations were nearly 50% more likely to have their statin

intensified (RR 1.47, 95% CI 1.12–1.92) and maximized (RR 1.49, 95% CI 1.25–1.77) than

those who did not have ST-elevation AMIs (Supplemental Table 2).

DISCUSSION

In a large, multicenter, contemporary prospective cohort of AMI patients, we found that

statin initiation is very common, with 87% of statin naïve patients being started on a statin

during hospitalization. Furthermore, there was no site-level variation in statin initiation,

indicating that practice patterns for starting patients on statins during AMI were uniform

across all hospitals studied. However, among patients who were already taking a statin at the

time of AMI, intensification of the statin occurred infrequently, in only 26% of patients,

with modest site-level variability. Moreover, statin maximization occurred in only 23% of

patients with substantial site-level variability, including 2 hospitals maximizing therapy in

none of their patients, while 2 hospitals maximized statins in more than half of their patients.

The low rates and substantial variation in the practice of intensifying and maximizing statin

therapy may be a target for quality improvement, particularly given the evidence of greater

benefit with more potent statin therapy after AMI7–11 and the updated cholesterol guidelines

that recommend high-intensity statins in all AMI patients.12

A key finding of our study is that higher LDL-C levels and ST-elevations on admission were

each associated with a substantially higher likelihood of intensive statin therapy (i.e., more

intensification and maximization). This likely reflects a belief that these patients are at

greatest risk of recurrent ischemic events and, thus, most likely to benefit from more intense

statin therapy. While targeting intensive secondary prevention strategies to the patients most

likely to benefit is reasonable and appropriate, there is no compelling evidence that there is a

differential effect of statin therapy according to either the type of MI (i.e. STEMI vs.

NSTEMI) or baseline LDL levels.1–3 Furthermore, while high baseline LDL-C levels are

associated with higher risk of adverse events among patients with stable coronary disease

and patients without known disease, this relationship has not been demonstrated among

patients with an AMI and may actually be reversed in the acute setting.18 This likely results

from a combination of factors relating to acute changes in LDL-C levels as an acute phase

reactant and lead-time bias (i.e., patients with low LDL-C levels who present with an AMI

despite this favorable lipid profile carry some unmeasured risk factors that makes them high-

risk, despite a low LDL-C). This finding suggests that educating clinicians about the benefits
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of intensive statin therapy and constructing performance measures that emphasize statin

maximization in all eligible AMI patients may improve patient care and outcomes.

Our findings both support and extend the prior literature on patterns of statin use after AMI.

Several prior studies evaluated lipid-lowering therapy in patients after AMI but focused on

absolute rates of treatment with any statin dose, rather than the intensity of statin

therapy13–14 In an analysis of patients with acute coronary syndromes discharged from 344

hospitals participating in Get With The Guidelines registry from 2005–2009, 89% of eligible

patients were discharged on some statin, but only 38% of statin prescriptions at discharge

were for intensive statin therapy, as defined by an expected LDL-C lowering of >50%.16 In

a small sub-study of 788 patients from 41 hospitals within the Get With The Guidelines

registry, 84% of statin naïve patients were started on statin therapy during their

hospitalization, with diabetes mellitus, peripheral vascular disease, prior stroke, prior heart

failure, prior revascularization, and a lower LDL-C being associated with a lower likelihood

of statin initiation. Of patients with LDL-C >100 mg/dL and not on intensive statin therapy

at admission, only 37% had their statin intensified during hospitalization.19 Our study

supports these prior analyses by demonstrating high rates of statin initiation but low rates of

statin intensification and maximization. Our study substantially extends the existing

literature by examining patient- and site-level factors associated with intensification and

maximization. Finding large variability in the use of intensive statin therapy, even after

adjusting for patient factors and LDL-C, supports the creation of system-level interventions

to improve the use of the more effective secondary prevention strategies with intensive statin

therapy, including the potential use of maximal statin therapy as a quality metric in quality

improvement registries, such as the ACTION-Get with the Guidelines program.

There are several potential reasons for the low rates of statin intensification and

maximization among AMI patients. As performance measures only judge providers on the

prescription of statins in any dose, it is possible that clinicians do not fully recognize the

importance of prescribing intensive statins. While initiating a statin in any dose is critical for

patients after AMI, the intensification of therapy can further reduce the risk of recurrent

ischemic events. The recently published cholesterol guidelines state “high-intensity statin

therapy should be initiated for adults ≤75 years of age with clinical atherosclerotic

cardiovascular disease and who are not receiving statin therapy or the intensity should be

increased in those receiving a low- or moderate-intensity statin.”12 As such, there should be

increasing awareness of the importance of intensifying and maximizing statins in AMI

patients. Second, physicians may be choosing to start a lower dose of statin and expect this

to be titrated up in the outpatient setting. However, given the well-documented challenges of

health care transition and outpatient up-titration of statins,19 there seem to be few valid

reasons not to start a patient on intensive statin therapy prior to discharge. Finally, there may

be cost or formulary reasons for lower rates of intensification or maximization, as we found

lower rates of statin maximization at the 4 VA or county hospitals with formularies that

favored simvastatin use. However, after excluding the 4 hospitals with more restricted

formularies, the rate of maximization only increased to 27%, indicating that formulary was

not the most important driver of a lack of intensification or maximization. Furthermore, we

found that 45% of patients were discharged on atorvastatin or rosuvastatin, which were

branded drugs at the time of the study, and an additional 35% of patients were discharged on
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simvastatin, which became generic half-way through TRIUMPH. There is typically little

cost difference between a high dose and a low dose of the same statin, and given that most

patients were already on potent statins, the suboptimal intensification and maximization of

statins highlights an important potential opportunity to improve care. Our study should be

interpreted in the context of the following potential limitations. First, while our analysis

included 24 hospitals from rural, suburban, and urban sites across the U.S., and the study

participants had a broad range of socioeconomic and demographic characteristics, this

represents only a small subset of U.S. practice. Replicating these analyses in a larger sample

of hospitals would further ensure the generalizability of our findings and could provide

further insight into the characteristics of hospitals that influence choice of statin at

discharge. Second, we categorized statin potency based on expected LDL-C reduction and

defined intensification as a movement to a higher category of statin potency (or an increase

in dose). While this strategy was necessary to capture intensification of statin therapy when

patients were changed to different medications, it is not explicitly known that a higher

category of expected LDL-C reduction would correspond to improved outcomes. While the

effect of statins on LDL-C and on reducing recurrent ischemic events are congruent, it is

possible that other aspects of statins’ efficacy in reducing ischemic events may vary among

different statins and are not directly related to their ability to lower LDL-C. Finally,

although studies have demonstrated that intensive statin therapy is superior to moderate

statin therapy in reducing morbidity and mortality after AMI,7–11 an explicit strategy of

statin intensification or maximization has not been evaluated.

Conclusions

We found that nearly 90% of AMI patients are started on statins during hospitalization, with

essentially no variability across sites. However, rates of statin intensification and

maximization were much lower and varied substantially across hospitals. Given that there

are few contraindications to acutely initiating intensive statin therapy, novel strategies, such

as modification of existing performance measures, are needed to support more consistent,

evidence-based practice strategies across hospitals to improve care.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Clinical Summary

As trials have shown that intensive statin therapy after an acute myocardial infarction

(AMI) is superior to moderate statins in reducing morbidity and mortality, we sought to

examine variations in hospitals’ rates of initiating, intensifying and maximizing statin

therapy after AMI. Among 4340 AMI patients from 24 US hospitals, we found nearly

90% of patients were started on statins during hospitalization, with no variability across

sites. However, only 26% of patients on sub-maximal statins had their statin therapy

intensified, with modest site variability. Furthermore, only 23% of patients were

discharged on maximal statin therapy with substantial hospital variability. We also found

that higher LDL-C levels and ST-elevations on admission were each associated with a

substantially higher likelihood of intensification and maximization. This likely reflects a

belief that these patients are most likely to benefit from more intense statin therapy.

However, there is no compelling evidence that there is a differential effect of statin

therapy according to either the type of AMI or baseline LDL levels, which suggests that

educating clinicians about the benefits of intensive statin therapy may improve patient

care and outcomes. In addition, the creation of system-level interventions, such as

modification of existing performance measures, could be used to support more

consistent, evidence-based practice strategies across hospitals to improve care.
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Figure 1.
Flowchart of patients in TRIUMPH from admission to discharge according to statin

use. *Among the 116 patients who had missing statin dose at arrival, 44 were discharged on

a maximal statin. Among the 140 patients who were on maximal statin on arrival, 114 were

discharged on maximal statin.
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Figure 2.
Rates of statin initiation (a), intensification (b), and maximization (c) by hospital.
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Table 2

Sociodemographic and clinical characteristics of patient population (N=4271)

Sociodemographics

  Age (years) 59.0 ± 12.3

  Male sex 66.8%

  Caucasian race 67.4%

  Married 52.6%

  Low social support 17.1%

  Lives alone 24.6%

  High school or greater education 89.1%

  Avoids care due to cost 25.6%

Comorbidities

  Hypertension 66.6%

  Prior CABG 11.2%

  Diabetes mellitus 30.7%

  History of smoking 59.6%

  Chronic lung disease 7.2%

  Prior heart failure 8.4%

  Chronic kidney disease* 21.7%

  Body mass index (kg/m2) 29.6 ± 6.5

  Prior Stroke 4.9%

  Depressive symptoms 7.7%

Hospital procedures

  Cardiac catheterization 92.3%

  Percutaneous coronary intervention 65.4%

  Bypass graft surgery 9.2%

Clinical presentation

  ST-elevations 43.2%

  Peak Troponin (ng/mL) 28.5 ± 73.2

  GRACE risk score 100.3 ± 30.0

  Ejection fraction (%) 48.7 ± 13.1

  Initial heart rate (bpm) 82.6 ± 22.1

  Initial systolic blood pressure (mmHg) 143.4 ± 30.3

  Length of stay (days) 5.4 ± 6.0

*
Estimated glomerular filtration rate <60mL/min/1.73m2
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Table 3

Site Characteristics of More- and Less-Aggressive Hospitals

More Aggressive
Hospitals

N=8

Less Aggressive
Hospitals

N=16

p-value

Practice Location 0.298

  Urban 87.5% 56.3%

  Suburban 12.5% 37.5%

  Rural 0% 6.3%

Hospital Type 0.424

  Not for Profit 100% 81.3%

  For Profit 0% 6.3%

  VA/Governmental 0% 12.6%

Teaching Status

  University or Affiliated 87.5% 81.3% 0.699

  Cardiology Fellows 87.5% 56.3% 0.126

  Residents 87.5% 68.8% 0.317

Total Beds 615 ± 272 590 ± 325 0.856

Intensive Care Beds 74 ± 35 45 ± 43 0.139

PCIs 87.5% 87.5%

PCI Volume 1253 ± 608 831 ± 819 0.345

PCI, percutaneous coronary intervention
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