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ABSTRACT: High intensity statin (HIS) therapy decreases LDL cholesterol and risk of recurrent cardiovascular events after acute
myocardial infarction (MI). Recognizing the therapeutic significance of HIS, the ACC/AHA cholesterol treatment guidelines have
recommended HIS for all patients following acute MI since 2013.The authors sought to define factors that result in continued
underutilization and limited adherence to HIS among individuals post MI. This is a retrospective observational analysis of patients
who had a diagnosis of MI between 2013 and 2018 at a single, large academic medical center. There was a significant increase in
HIS prescriptions upon discharge after MI following, versus prior to 2013. Within the first year of guideline change (2013-2014),
only 35.3% of patients with MI were discharged on a HIS compared to 80.1% in 2018. There was no significant difference between
race or gender regarding HIS utilization. However, older age predicted a lower likelihood of being appropriately discharged on HIS.
The use of statin therapy prior to hospitalization decreased the probability of being appropriately up titrated to HIS on discharge.
Strikingly, HIS use was associated with a reduction in the 30-day readmission rate (4.7% versus 6.8%). Increased age was associated
with lower rates of HIS use, which could stem from prior statin exposure uncovering titrational statin intolerance prior to the index
event, a process that would be much less likely in younger patients, who tend to be statin naive. Although HIS have historically
been underutilized in Blacks, this was not observed in the current study. Individuals discharged on HIS had lower readmission rates;
while confounding factors separate from a pure treatment effect of HIS attenuating readmission rate may be represented, this remains
a key finding underscoring the benefits of statin therapy in lowering societal burden of cardiovascular disease and associated costs.
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1. Introduction

After acute myocardial infarction (MI) mediated by atherosclerotic coronary disease, the risk of future
cardiovascular events can be minimized by utilization of high intensity statin (HIS) therapy [1-3]. This class of
medication constitutes an essential aspect of treatment in the secondary prevention of atherosclerotic cardiovascular
disease (ASCVD) [4]. Recognizing the cardio-protective significance of HIS, since 2013, the American College of
Cardiology and American Heart Association guidelines for lowering of blood cholesterol [5] recommend HIS for all
patients after MI. Health care providers were thus encouraged to forego the prior Adult Treatment Panel report (ATP)
I recommendations to treat to a specific LDL-C goal and instead, without regard to initial LDL-C, place any patient
with history of MI on HIS, with the goal of decreasing LDL-C by >50% [6]. During the ATP III report era, only 21%
of patients were discharged from the hospital with HIS following MI [6,7]. Prior to 2013, only 14% of patients
discharged on HIS remained adherent at 1-year follow-up. Of those who were not discharged on HIS, only 4% were up
titrated to HIS [7]. After the guidelines changed, the rate of provider prescription of HIS during or following
hospitalization for MI has improved yet remains suboptimal [7-9].

One measure of patient adherence to statin therapy is reflected in the percentage of patients eventually filling a
statin prescription after hospital discharge. In a recent study, the percentage of patients who filled a statin prescription
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following discharge was 27% [8]. Those who were not discharged on HIS continued to have a low likelihood (11.5%)
of appropriately being transitioned to HIS therapy within that year [8]. Studying the trend of statin utilization and
adherence provides value in identifying measures that increase the likelihood that patients will be discharged on the
appropriate statin therapy and will demonstrate statin treatment persistence, i.e., long-term adherence to statin therapy,
which is essential in maximizing the secondary preventive benefits.

While there are studies documenting the under-utilization and overall adherence of HIS for the general population
[8], few studies analyze the variation of utilization and adherence within racial subgroups. Studies examining statin
adherence within the Black population have been equivocal and have illustrated heterogeneity within the subgroup [4].
There are even fewer studies analyzing the prescription and utilization of HIS on discharge following MI within
minority populations, representing a large gap in literature.

Older individuals represent another subgroup that warrants special consideration. The risk of developing ASCVD
increases with advancing age. Unfortunately, the utilization of statins in the elderly population is often underrepresented
in randomized controlled trials [10,11]. Although there are documented benefits of statins in the elderly population,
some prescribers hesitate to use them due to the potential for adverse reactions [10,11]. Overall, the use of statins in the
elderly is estimated to decrease the risk of major cardiovascular events by 19% [11,12]. For example, The Heart
Protection Study showed that the risk of future cardiovascular events was decreased by 18% in individuals aged 70 to
80 years old treated with simvastatin 40 mg [11,13]. Apart from the documented benefits of statins, it is anticipated that
the proportion of older patients discharged on HIS is lower due to actual or perceived risk of statin associated myopathy
and other adverse effects. It is important to identify trends within various populations regarding statin prescription at
discharge, as tools can be created so that the cardio-protective benefits of statins are not dismissed in potentially
marginalized populations.

Prior studies have indicated that less than one-third of individuals had a fill history of HIS after having an MI [8].
It is hypothesized that statin utilization on discharge, following the 2013 guidelines would continue to be low at our
institution. Analysis of statin utilization and adherence rates following MI is valuable, as it allows the identification of
trends and development of policy and interventions to maximize utilization of this essential secondary prevention
therapy among diverse populations.

Purpose/Objectives

Below you will find the primary objectives and secondary objectives of the study.
Primary Objectives

Determine the proportion of patients with ACS who are discharged on a HIS.
+ Evaluate potential sociodemographic and clinic differences among patients who are discharged on a HIS (race,
age, sex, initial lipid profile).
Secondary Objectives

+ Evaluate extent to which HIS are prescribed status post MI in the Ohio State University Wexner Medical Center
(OSUWMC) population at 1 and 5 years.
Ascertain the adherence of HIS at 1 year and 5 years status post MI in the OSUWMC population.

This study investigates the trends associated with statin utilization and overall statin adherence following discharge
from a single academic medical center after hospitalization for MI. Some data suggest that the most important
determinant of HIS persistence 1 year after discharge post Ml is the statin dose [8]. Further investigation is warranted
to identify the most important determinants in our population of interest. In addition, the investigators aim to compare
the potential differences between utilization of HIS based-on race and gender. It is hypothesized that underuse of HIS
after MI is multi-factorial. Evaluating these factors can identify sub-populations that have the lowest rate of HIS
prescription, on discharge.

2. Methods
2.1. Data Availability

Data cannot be made available upon request, in accordance with OSUWMC policy.
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2.2. Study Population and Design

This single-center retrospective observational study was conducted at a major academic medical center. Subject
selection included all patients managed at any point of hospitalization for MI from March 2013 through March 2018.
This period was selected to identify trends in statin utilization after implementation of 2013 guidelines and to allow for
a 1 and 5 year follow up after discharge. There were 2418 subjects (female 37.2%, male 62.8%) evaluated in the study
[Table 1]. This includes patients who had been admitted with ST-elevation myocardial infarction (STEMI) or non-ST-
elevation myocardial infarction Type 1 (NSTEMI) at the academic medical center. Patients were considered inactive
with the academic medical center if there was no documentation of an office visit within the year following discharge.
Those with no recent documentation of statin adherence or who do not continue to follow at the academic medical
center are excluded from the denominator for 1-year (Y1) and 5-year (Y5) adherence.

Table 1 illustrates the baseline characteristics between the groups that received high intensity statins on discharge
compared to those that did not.

Table 1. Baseline Characteristics.

Received HIS  Did Not Receive HIS Total Comparison
Age (Categorical Units)
2675 1147(59.6%) 777(40.4%) 1924(79.6% of total) p <0.0001 by Fisher exact test
>75 234(47.4%) 260(52.6%) 494(20.4% of total)
Age (Continuous Units)
[units: years] Mean + Standard 62.03 +12.08 65.46 +11.33 p <0.0001 by Welch test
Deviation
Gender
Male 887(58.5%) 629(41.5%) 1516(62.7% of total) p =0.0745 by Fisher exact test
Female 494(54.8%) 408(45.2%) 902(37.3% of total)
Race
White 1100(56.5%) 847(43.5%) 1947(80.5% of total)  p = 0.6487 by Pearson chi-square test
Black 240(59.4%) 164(40.6%) 404(16.7% of total)
Other 26(61.9%) 16(38.1%) 42(1.7% of total)
Unknown 15(60%) 10(40%) 25(1.0% of total)
Ethnicity
Hispanic 7(70%) 3(30%) 10(0.4% of total) p = 0.4645 by Fisher exact test
Non-Hispanic 1359(57.2%) 1018(42.8%) 2377(98.3% of total)
Unknown 15(48.4%) 16(51.6%) 31(1.3% of total)

2.3. Data Sources

The clinical data for this project was obtained from the institutional Information Data Warehouse utilizing the
Center for Clinical and Translational Science platform of The Ohio State University. We extracted data from medical
history documented in the form of ICD-9 and -10 codes, admission keywords, medications, laboratory results during
hospitalization, and medication refills. Demographic information, specifically including age, gender, and race were
collected from the electronic medical record. HIS classification is recorded as atorvastatin >40 mg daily or rosuvastatin
>20 mg daily. Statin adherence at 1 and 5 years was determined primarily by chart review (assessed for active
prescriptions in EMR).

2.4. Statistical Analysis

Pearson chi-square test and Fisher exact test were utilized for comparison of proportions. Baseline proportions
were significantly different from Y1 and Y5 proportions compared to Y1 versus Y5 where there is no (significant)
difference in the HIS adherence. This was calculated using 3 McNemar tests and Bonferroni correction for 3 comparisons.

3. Results

There was a statistically significant increase in the trend of HIS prescriptions on discharge as time progressed
following the cholesterol treatment guideline changes in 2013. Within the first year of guideline change (March 2013—
2014), only 35.3% of patients with ACS were discharged on a statin. Four years later (March 2018), 80.1% of patients
with ACS were discharged on a high intensity statin [Figure 1]. The most common HIS prescribed was Atorvastatin 40
mg (84.7% of HIS), followed by Rosuvastatin 20 mg (9.8% of HIS), Rosuvastatin 40 mg (2.75% of HIS), and
Atorvastatin 80 mg (2.75% of HIS) respectively. HIS use was associated with a significant reduction in the 30-day
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readmission rate (p = 0.0311) compared to those without HIS utilization on discharge (4.7% or 64/1357 versus 6.8% or
70/1029) [Figure 2].
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Figure 1. The utilization of high intensity statins on discharge over time.
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Figure 2. The 30-day readmission rates in patients on HIS versus those without. (p = 0.0311).

3.1. Demographics

There was no significant difference in the rate of HIS use on discharge across racial groups (p value 0.6487) and
gender (p value 0.0745). Females had a 54.8% HIS prescription rate or utilization on discharge compared to males
58.5%. Subjects who were Black, White, or from other racial groups were found to have 59.4%, 56.5%, and 61.9% HIS
utilization at discharge, respectively. Age was found to be a statistically significant variable (p value < 0.001) associated
with HIS utilization. Individuals 75 and older had an expectedly lower rate of HIS utilization on discharge at 47.4%
compared to 100% of individuals under 30 years. Overall, it was found that with each 10-year increment in age, the
percentage of HIS utilization decreased in a progressive fashion [Figure 3].
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Figure 3. The percentage of high intensity statin utilization per age group.

3.2. Pre-Admission Variables

The use of statin treatment (including less than high intensity agent/dose combinations) prior to hospitalization
resulted in a statistically significant lower percentage of subjects undergoing up-titration to HIS on discharge, compared
to those on other lipid lowering therapy therapies. For instance, those who were on a low (LIS) or moderate intensity
statin (MIS) on admission had a 15.5% (p value < 0.0001) or 18.2% (p value < 0.0001) probability of being discharged
on a HIS, respectively. This contrasts to those who were previously treated with a non-statin lipid lowering therapy,
who had a 45.9% chance of being discharged on a HIS. There was no statistically significant association between
presenting lipid profile (p value 0.0927) or elevated transaminases (defined as three times the upper limit of normal)
and HIS intensity on discharge.

Overall, statin adherence was significantly increased at year 1 (Y1) post-discharge; 75% of the study population
was on HIS at Y1 increased from 61.4% on discharge (Y0). Of the patients discharged on a HIS, 89.2% were still on
HIS at Y1. All patients no longer on a HIS at Y1 were at least transitioned to either a LIS or MIS. In contrast, only 52%
of the patients who were not discharged on a HIS, were up titrated at Y1. When looking at year 5-5.5 (Y5) data, the
proportion of HIS adherence at Y5 was 75% compared to 57% at discharge; these proportions were significantly
different. For those discharged on HIS, 86% were still on HIS at Y5. Among those who were not discharged on a HIS,
61% were up titrated to a HIS by Y5.

When we compared the proportions of longitudinal changes for subjects from Y0 through Y5, there were only 187
subjects who had data on all 3 time points (Y0, Y1, Y5) [Figure 4]. We analyzed the paired sample of 187 subjects and
found that the proportion of HIS at YO was 59% (110/187), Y1 was 77.5% (145/187) and Y5 was 77.5% (145/187).
Baseline proportions were significantly different from Y1 and Y5 proportions compared to Y1 versus Y5 where there
was no significant difference in the HIS adherence. This was calculated using 3 McNemar tests and Bonferroni
correction for 3 comparisons. Based on these data, we determined that once on a HIS, individuals have a 90% chance
of being on HIS in the future. Mean length to follow up (determined as time to first prescription since discharge) was
not found to be a statistically significant factor in appropriate post-discharge adherence to HIS.
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Figure 4. Our methodology.

4. Discussion

This study demonstrated that after the cholesterol treatment guideline change of 2013, there has been a sequential
increase in HIS utilization in non-elderly patients who suffered an MI. Fortunately, underutilization of HIS within the
Black population was not observed within our institution, contrary to what has been documented in previous studies.
There is a need for further research to identify factors that contribute to this recognized disparity, as the reason for HIS
underutilization in this population is not completely understood but could depend on pharmacogenomic factors that
differ by race and/or social determinants of health [14,15].

Age was the sole demographic factor found to have a significant difference in HIS utilization patterns. This may
be attributed to provider perceptions regarding the safety of statin use in the elderly population or higher probability of
longitudinal exposure to statins and known statin intolerance leading to downward titration in the intensity of statin
agent and/or dose prior to the index admission. The latter explanation can also explain the finding that individuals
admitted to the hospital on prior lipid lowering therapy had lower likelihood of being up-titrated to HIS after MI on
discharge, at year 1- and 5-years post-index admission. While some may attribute the nonuse of HIS in the elderly
population to the ACC/AHA 2013 recommending use of moderate potency in this population, the guidelines do reiterate
that there is a dearth of data on subjects within this age range in randomized control trials [16]. Despite the lack of
inclusion of the elderly in RCTs, certain data suggest benefit of HIS despite gender, baseline LDL or age [17-19].

Our study demonstrated that individuals discharged on HIS had a high likelihood of HIS treatment persistence in
the future and that subjects discharged on HIS had lower readmission rates. While it is well established that statin use
is associated with lower mortality and MACE, there is limited evidence in the literature regarding the association
between HIS utilization and reduced readmission rates [17]. Thus, the relationship between HIS use and reduced
readmissions rates presented in our study represents a potentially novel finding.

This observation raises the question whether suboptimal therapy is associated with multiple hospitalizations within
a year. Post myocardial infarction HIS adherence leads to decreased risk of further adverse cardiac events and (per our
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study) subsequent admissions, which are key outcomes associated with quality of life and healthcare cost associated
with the societal burden of cardiovascular disease.

The finding of HIS associating with reduction in readmission rate inspires the need for further quality improvement
initiatives to ensure that inpatients continue to be discharged on HIS and remain adherent on follow up. These initiatives
could also have the potential to improve other evidence-based medication regimens for ACS, as patients who are not
appropriately discharged on HIS are also less likely to receive aspirin, P2Y12 inhibitors, beta blockers, or other lipid
lowering agents [17].

A recent study by Makmudoa et al. [20], highlights the importance of an extensive and early lipid lowering strategy
in patients with myocardial infarctions. This study demonstrated that when atorvastatin 80 mg was combined with
ezetimibe 10 mg on admission, there was a significant improvement in LDL-C goal achievement (<55 mg/dL) in 38%
of patients prior to discharge and in 80% after 6 weeks. The study also demonstrated that the addition of bempedoic
acid or PSCKO9i to a HIS facilitated all patients to reach the LDL-C goal. Such observations show the importance of
iteratively studying and adjusting discharge processes to ensure that evidence-based therapies are prescribed during
hospitalization for myocardial infarction. Health care providers have a duty to address suboptimal discharge processes,
medication reconciliation, and/or patient education upon discharge. Identification of such trends allows for
implementation of institutional workflow improvements such as clinical decision support technology that suggests
appropriate statin dosage, subsequent laboratory studies and outpatient follow up.

Further research is needed to identify additional determinants of cardiovascular disease progression. In addition to
statin adherence post M1, there are lifestyle, medical and psychosocial factors that influence the risk of recurrent MACE
in patients [21]. It has been shown that in addition to statin non-adherence, physical inactivity and higher depression
scores were potentially modifiable risk factors associated with MACE [21,22]. These factors may play into provider
bias on the utility of providing HIS to certain populations i.e., the elderly [22]. Other areas for consideration include
dedicated analysis of additional clinical and sociodemographic differences among patients who are discharged on HIS,
length of follow up post hospitalization for M1, type of practitioner on discharge, and type of insurance.

Limitations

This study had several notable limitations. First, any single-center study may have limited generalizability to other
regions and/or health systems. Computer/coder misclassification of statins could have occurred, although the
investigators have no reason to suspect a systematic coding problem. The diagnosis of ACS either from a patient’s
encounter diagnosis or medical history was assumed to be correct. There is also an opportunity to further stratify ACS
into STEMI and NSTEMI Type 1 to see if the type of presenting infarct led to provide misconceptions regarding the
indication for HIS. Some potential pitfalls of data acquisition included the possibility that a large population of our
subjects had relative contraindications to statins and a high likelihood that certain populations were less likely to follow
up as our center. In addition, it was found that the distribution of admissions over time showed substantial reduction in
the number of admissions around December 2015. This helps to account for why the number of subjects in each analysis
(Y0, Y1, Y5) decreased substantially. In addition, there were multiple medication order (prescription) dates per subject.
If there was at least one order for a HIS we classified the subject as having a positive HIS entry. The multiple medication
order entries created a barrier in determining type of provider, length to Y1 appointment, and type of statin on discharge,
Y1, and Y5. It must also be noted that characteristics of the academic institution may be associated with higher statin
use among those with prior barriers with cholesterol lowering therapy given the institutional resource of a dedicated
cardiovascular disease prevention and lipid lowering clinic, from which some of the participants may have benefited.
The reduced readmission rate may have confounding factors such as potential intrinsically higher risk of readmission
in individuals who have baseline contraindications to statins.

5. Conclusions

Increased age was associated with lower rates of HIS, which could have stemmed from prior statin exposure
uncovering titrational or complete statin intolerance prior to the index event, a process that would have been much less
likely in younger patients who tend to be statin naive. Although HIS have historically been underutilized in Blacks, this
was not observed in our center. Further research is needed to define factors that contribute to this known disparity.
Individuals discharged on HIS had lower readmission rates; while confounding factors separate from a pure treatment
effect of HIS attenuating readmission rate may be represented, this remains a key finding underscoring the benefits of
statin therapy in lowering societal burden of cardiovascular disease and associated costs.
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