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ABSTRACT

Objective: We compared the effects of high-intensity statin monotherapy versus moderate-
intensity statin and ezetimibe combination therapy on major adverse cardiovascular events
(MACE) in patients with acute myocardial infarction (AMI).

Methods: Using the Korean National Health Insurance Service database, we screened 82,941
patients with AMI who underwent percutaneous coronary intervention (PCI) between 2013
and 2016. Among them, we identified 9,908 patients treated with atorvastatin 40 mg (A40,
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n=4,041), atorvastatin 20 mg + ezetimibe 10 mg (A20+E10, n=233), rosuvastatin 20 mg (R20,
n=5,251), or rosuvastatin 10 mg + ezetimibe 10 mg (R10+E10, n=383). The primary outcome
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was MACE, a composite of all-cause death, non-fatal myocardial infarction undergoing PCI,
repeat revascularization, and ischemic stroke. Multivariable analyses were performed using
the inverse probability of treatment weighting method.

Results: The incidence rate of MACE in the overall population was 42.97 cases per 1,000
person-years. There was no significant difference in the risk of composite outcomes of
MACE between the groups. However, the R10+E10 group showed a higher risk of all-cause
death (hazard ratio, 2.07; 95% confidence interval, 1.08-3.94) than the A40 group (reference
group) in the weighted multivariable model.

Conclusions: In this study, there was no significant difference in the composite outcome

of MACE between high-intensity statin monotherapy and moderate-intensity statin and
ezetimibe combination therapy.
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INTRODUCTION

Patients who present with acute coronary syndrome (ACS) have an increased risk of
experiencing recurrent cardiovascular events."? A large meta-analysis showed that there was
a 22% proportional reduction in the risk of major adverse cardiovascular events (MACE) for
each 1 mmol/L reduction in the low-density lipoprotein cholesterol (LDL-C) level.?> The 2019
European Society of Cardiology and European Atherosclerosis Society guidelines emphasize
that the treatment goal is to reach a 50% LDL-C reduction from the baseline level and an
LDL-C level <1.4 mmol/L (<55 mg/dL) in these high-risk patients.? To achieve that goal, a
high-intensity statin therapy, defined as the dose of statin that reduces the LDL-C level by
>50%, on average, has been recommended."” However, it was reported that the success rate
of achieving the LDL-C goal was only 67%, even in high-risk patients. Therapeutic choices
for these patients include increasing the statin dose or the combined use of statin and
ezetimibe.’ It has been observed that doubling the statin dose above the minimal effective
dose decreases the serum LDL-C concentrations by an additional 6%.° Clinical evidence
demonstrates that this “rule of six” is a characteristic of all statins.” However, the up-titration
of the statin dose might increase the incidence rate of statin-related adverse effects, such as
myalgia, hepatotoxicity, and new-onset diabetes.®®

Ezetimibe is a novel cholesterol absorption inhibitor that effectively and potently prevents the
absorption of cholesterol by inhibiting the passage of dietary and biliary cholesterol across
the intestinal wall.'® The IMProved Reduction of Outcomes: Vytorin Efficacy International
Trial (IMPROVE-IT) demonstrated that the addition of ezetimibe to statin not only lowered
the LDL-C level, but also reduced the incidence of MACE by 6.4% in patients with ACS."
Furthermore, combining ezetimibe and moderate-intensity statins reduced the LDL-C level
and other lipid parameters more than doubling the dose of statin.'*®> However, it remains
unclear whether the efficacy of ezetimibe combination therapy in LDL-C reduction could lead
to a further reduction of the incidence of MACE than doubling the dose of statin.

A few retrospective observational cohort studies reported that high-intensity statin therapy
(either atorvastatin or rosuvastatin) was associated with a lower incidence of MACE than
combination therapy with statin and ezetimibe.!” However, these studies have limitations,
since the statins used in the ezetimibe combination therapy group differed from those used
in the high-intensity statin group.

Therefore, we aimed to compare the effects of high-intensity statin monotherapy
(atorvastatin 40 mg, [A40] or rosuvastatin 20 mg [R20]) and moderate-intensity statin
(atorvastatin 20 mg [A20] or rosuvastatin 10 mg [R10]) combined with ezetimibe 10 mg
(E10) on MACE in patients with myocardial infarction (MI) using the Korean National Health
Insurance Service (KNHIS) database.

MATERIALS AND METHODS

1. Data sources and ethics

This study used data from the National Health Claims Database established by the KNHIS.
KNHIS is a mandatory universal health insurance service that provides comprehensive
medical care coverage for up to 97% of the Korean population (up to 50 million people). The
medical care of the remaining 3% of the Korean population with low income is covered by

https://doi.org/10.12997/jla.2021.10.3.291 292



Journal of
Lipid and
Doubling the Statin Dose versus Adding Ezetimibe Atherosclerosis

https://e-jla.org

the Medical Aid program, which has been incorporated into a single KNHIS database since
2006. The database includes the diagnoses, procedures, prescription records of inpatient
and outpatient services, and demographic information, such as age, sex, and socioeconomic
status, of each patient. The database is based on the Korean Classification of Disease 7
modification of the International Classification of Disease-10th Revision (ICD-10) codes.
This study was approved by the Institutional Review Board of the GangNeung Asan Hospital
(GNAH 2019-06-031). An exemption from informed consent was granted by the board
because all data were analyzed anonymously.

2. Study cohort

We included patients with MI (ICD-10 codes 121 and 122) who underwent percutaneous
coronary intervention (PCI) (codes M6551, M6552, M6561-4, M6571, or M6572) for the first
time between January 2013 and December 2016 using the KNHIS database. Subcategorical
codes 121.0, 121.1, 121.2, and 121.3 indicate ST-segment elevation myocardial infarction
(STEMI), and 121.4 represents non-ST-segment elevation myocardial infarction (NSTEMI).
The remaining codes represent unspecified MI. Among 82,941 patients with AMI, we
identified 9,908 patients who were prescribed any of our 4 pre-specified statin therapies: A40
(40.7%, n=4,041), A20+E10 (2.4%, n=233), R20 (53.0%, n=5,251), or R10+E10 (3.9%, n=383);
the patient enrollment flow is described in Fig. 1. We excluded patients who were aged below
20 years or had missing health examination data performed within 2 years prior to the index
PCI. We also excluded patients with diagnoses of atrial fibrillation, thromboembolism, or
stroke, which indicated potential for oral anticoagulation treatment. Patients with cancer or
those who were followed up for less than 1 year were also excluded.

We divided the study population into the following 4 groups and analyzed the effect of each
statin therapy: A40 and R20, the high-intensity statin monotherapy groups, and A20+E10
and R10+E10, the combination therapy groups of moderate-intensity statin and ezetimibe.
The study subjects were included if they had been prescribed one of the above medications

Patients who underwent PCI for acute Ml
from January 2013 to December 2016
(n=82,941)

Excluded if:

. Age <20 years (n=166)

. Missing health examination within 2 years
of index PCI (n=40,937)

. History of AF or thromboembolism (n=5,771)

. History of cancer (n=2,051)

. History of stroke (n=5,389)

. Follow-up period <1 year (n=3,565)

. Other statins were prescribed (n=14,657)

. Missing data (n=497)

N o

Y

0 go A w

Final study population
(n=9,908)
l
v v v v

Atorvastatin 20 mg Rosuvastatin 10 mg
+Ezetimibe 10 mg +Ezetimibe 10 mg

Atorvastatin 40 mg Rosuvastatin 20 mg

(n=4,041) (n=233) (n=5,251) (n=383)
Fig. 1. Patient enrollment flowchart of the study cohort.
PCI, percutaneous coronary intervention; MI, myocardial infarction; AF, atrial fibrillation.
https://doi.org/10.12997/jla.2021.10.3.291 293



Journal of
Lipid and
Doubling the Statin Dose versus Adding Ezetimibe Atherosclerosis

https://e-jla.org

for, at least, 4 weeks. If a patient had a record of both high-intensity statin therapy and
ezetimibe combination therapy because the statin regimen was changed during follow-up,
the patient was classified into the ezetimibe combination therapy group. Additionally, if a
study subject had a record of having received two or more statin prescriptions due to a change
in the regimen during follow-up, the subject was classified based on the drug that had been
prescribed for the longest period. The study population was followed up for up to 5 years or
until the study outcome developed after PCI.

3. Study variables

Demographic, socioeconomic, and health-related variables, such as age, sex, smoking
history, alcohol consumption, regular exercise, low-income status, and body mass index
(BMI), were considered. ICD-10 codes were used to identify comorbidities, such as diabetes,
hypertension, end-stage renal disease on hemodialysis, and history of coronary artery bypass
graft (CABG) surgery. The Charlson comorbidity index (CCI) was also calculated to categorize
and measure the burden of comorbid diseases, following a previous study by Quan et al.’®
The prescription records for angiotensin-converting enzyme inhibitors (ACEIs), angiotensin
receptor blockers (ARBs), beta-blockers, calcium channel blockers (CCBs), and statins were
examined based on the time of discharge after index PCI. In addition, the total duration of
statin therapy until the end of the study period was recorded.

4. Study outcomes

The primary outcome of the study was the incidence of MACE, which comprised of all-cause
death, non-fatal MI undergoing PCI, repeat revascularization, and ischemic stroke. The
secondary outcome was the incidence of individual MACE components. As a study endpoint,
repeated revascularization only included those that were performed after 30 days of index PCI
to exclude the staged PCI cases. Ischemic stroke was defined as the diagnosis of ICD-10 codes
163 or 164 with hospitalization and concomitant brain imaging studies, including computed
tomography or magnetic resonance imaging using prescription records.

Patients were followed from the beginning of cohort entry, defined as the date of index PCI
for MI, and censored at the earliest date of whichever came first: the occurrence of the main
study outcome or the final study date (December 31, 2018).

5. Statistical analyses

Categorical variables are presented as numbers and relative frequencies. Continuous
variables are presented as meanztstandard deviation (SD). The chi-squared test was used to
evaluate non-random associations between categorical variables, and analysis of variance
was used to compare continuous variables among the four groups. The risk of outcomes
over time for each group was compared with the atorvastatin 40 mg group (reference),
using survival analysis, Kaplan-Meier method and log-rank test for univariate analysis, and
Cox proportional hazards regression for multivariable analysis. To adjust for differences in
the baseline characteristics between groups, we used an inverse probability of treatment
weighted (IPTW) Cox proportional hazards (PH) model for different statin treatment
groups, where the weights were derived from propensity score modeling of MACE incidence.
Subgroup analyses were performed according to the age (265 years), sex, and type of MI at
the index PCI. Statistical significance was defined as a p<0.05. All statistical analyses were
performed using SAS (version 9.4; SAS Institute Inc., Cary, NC, USA).

https://doi.org/10.12997/jla.2021.10.3.291 294



Journal of
Lipid and

Doubling the Statin Dose versus Adding Ezetimibe Atherosclerosis

RESULTS

1. Baseline characteristics

The baseline characteristics, potential confounders, and prescription records of

the medications in the study population are presented in Table 1. The subjects were
predominantly male (83.9%), and their mean age was 59.5 years. All the 4 groups showed
similar distributions for most study variables, except for the proportion of STEMI at the
index PCI, prescription rates of ACEIs and beta-blockers, and CCI score. The subjects in the
A40 group had the highest proportion of STEMI (23.58%), as well as the prescription rates
of ACEISs (48.4%) and beta-blockers (89.09%) among the groups. They also had the longest
follow-up duration (2.5+1.1 years) and the highest incidence rate of the primary outcome
(n=442/4,041, 10.94%). On the other hand, CCI score was the highest in the R20 group
(3.24+1.98).

Table 1. Baseline characteristics of the study subjects

Variables A40 A20+ET10 R20 R10+E10 p-value
No. of patients (%) 4,041 (40.7) 233 (2.4) 5,251 (53.0) 383(3.9)
Age (yr) 59.8+10.9 59.1+11.0 59.3+11.2 59.0+10.8 0.146
Sex (male) 3,397 (84.1) 190 (81.6) 4,404 (83.9) 319 (83.3) 0.768
Smoke history 0.762
Non-smoker 1,329 (32.9) 80 (34.3) 1,738 (33.1) 19 (31.1)
Ex-smoker 890 (22.0) 43 (18.5) 1,140 (21.7) 78 (20.4)
Current smoker 1,822 (45.1) 110 (47.2) 2,373 (45.2) 186 (48.6)
Alcohol consumption 0.975
None 2,204 (54.5) 130 (55.8) 2,887 (55.0) 204 (53.3)
Mild 1,597 (37.8) 86 (36.9) 1,955 (37.2) 145 (37.9)
Heavy 310 (7.7) 17 (7.3) 409 (7.8) 34 (8.9)
Regular exercise 783 (19.4) 45 (19.3) 1,087 (20.7) 80 (20.9) 0.436
Income (low 20%) 785 (19.4) 49 (18.0) 959 (18.3) 70 (18.3) 0.539
BMI (kg/m?) 25.0+3.1 D580 380) 25.0+3.1 24.7+3.0 0.233
Diabetes mellitus 1,264 (31.3) 80 (34.3) 1,574 (30.0) 108 (28.2) 0.221
Hypertension 3,611 (89.4) 208 (89.3) 4,740 (90.3) 338 (88.3) 0.363
ESRD on HD 19 (0.5) 3(1.3) 16 (0.3) 0 (0) 0.044
History of CABG 23 (0.6) 2(0.9) 19 (0.4) 3(0.8) 0.298
CCl score 3.2+2.0 3.0+2.0 3.2£2.0 2.8+1.9 <0.001
LDL-C (mg/dL) 132.5+39.3 138.0+45.9 133.1£42.9 134.6+39.4 0.188
GFR (mg/dL) 83.6+26.7 86.6+62.9 83.8+99.8 83.9+91.7 0.385
Clinical presentation <0.001
STEMI 953 (23.6) 48 (20.6) 956 (18.2) 68 (17.8)
NSTEMI 1,221 (30.2) 88 (37.8) 1,599 (30.5) 132 (34.5)
Unspecified MI 1,867 (46.2) 97 (41.6) 2,696 (51.3) 183 (47.8)
Medications at discharge
ARBs 1,819 (45.0) 113 (48.5) 2,616 (49.8) 189 (49.4) <0.001
ACEls 1,956 (48.4) 93 (39.9) 2,069 (39.4) 148 (38.6) <0.001
Beta blockers 3,600 (89.1) 196 (84.1) 4,595 (87.5) 309 (80.7) <0.001
CCBs 847 (21.0) 55 (23.6) 1,125 (21.4) 72 (18.8) 0.489
Statins 4,036 (99.9) 9233 (100) 5,248 (99.9) 383 (100) 0.618
Days of statins prescribed 692.0+545.6 637.8+353.5 786.5+537.3 681.2+313.9 <0.001
Primary outcome 442 (10.9) 21(9.0) 539 (10.3) 24 (6.3) 0.031
Follow-up duration (yr) 2.5+1.1 1.6+0.6 2.5+1.1 1.5+0.5 <0.001

Study population were divided into the 4 groups: patients with atorvastatin 40 mg monotherapy (A40); combination therapy of atorvastatin 20 mg and ezetimibe
10 mg (A20+E10); rosuvastatin 20 mg monotherapy (R20); combination therapy of rosuvastatin 10 mg and ezetimibe 10 mg (R10+E10). Values are presented as
number of patients (%) or meanzstandard deviation.

BMI, body mass index; ESRD, end-stage renal disease; HD, hemodialysis; CABG, coronary artery bypass graft; CCl, Charlson comorbidity index; LDL-C, low-
density lipoprotein cholesterol; GFR, glomerular filtration rate; STEMI, ST elevation myocardial infarction; NSTEMI, non-ST elevation myocardial infarction; Ml,
myocardial infarction; ARB, angiotensin receptor blocker; ACEI, angiotensin-converting enzyme inhibitors; CCBs, calcium channel blockers.
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2. Clinical outcomes
The associations between statin therapy and the risk of primary and secondary outcomes are

summarized in Table 2 and Supplementary Table 1 (including those who were followed up for
less than 1 year). The incidence rate (IR) of the primary outcome was 42.97 cases per 1,000

person-years in the overall population. The risk of the primary outcome was comparable

between the four groups before and after adjusting for confounding variables. Kaplan-Meier

curves and log-rank test showed that there were no significant differences in the rates of
primary outcomes between the four groups (Fig. 2).

When we assessed the risks of all-cause death, non-fatal MI undergoing PCI, repeat
revascularization, and ischemic stroke, there were no significant differences between the four
groups (Table 2). In the weighted multivariable model, however, the R10+E10 group showed

a higher risk of all-cause death (hazard ratio [HR], 2.07; 95% confidence interval [CI],

1.08-3.94) than the A40 group (reference). Following IPTW, there was good balance across

all covariates, with no statistically significant differences remaining.

In the subgroup analyses, the primary outcome did not differ between groups (Table 3), but
the secondary outcomes showed differences between groups in the weighted multivariable
model (Supplementary Tables 2-5). The risk of non-fatal MI undergoing PCI was higher in
the A20+E10 group than the A40 group among patients aged 65 years or older (HR, 3.05;
95% CI, 1.05-8.90), in the A20+E10 group (HR, 5.05; 95% CI, 1.41-18.12), and in the R10+E10

Table 2. Incidence rate and hazard ratios for primary and secondary outcomes, according to different statin treatment groups

Variables Event Duration IR (per 1,000 HR (95% CI)
(yr) person-years) Unadjusted p-value Adjusted” p-value IPTWT p-value
Primary outcome 0.613 0.642 0.758
A40 442 10,063.7 43.9 1 (ref.) 1 (ref.) 1 (ref.)
A20+E10 21 376.5 55.8 112 (0.72-1.74) 1.20 (0.77-1.86) 1.20 (0.78-1.85)
R20 539 12,850.0 41.9 0.95 (0.84-1.08) 1.07 (0.94-1.29) 1.05 (0.93-1.20)
R10+E10 24 584.1 411 0.81(0.54-1.22) 0.96 (0.63-1.45) 0.96 (0.65-1.42)
Non-fatal MI with PCI 0.458 0.268 0.369
A40 115 10,513.6 10.9 1 (ref.) 1 (ref.) 1 (ref.)
A20+E10 8 387.6 20.6 1.64 (0.80-3.36) 1.76 (0.86-3.63) 1.69 (0.82-3.48)
R20 144 13,404.2 10.7 0.98 (0.77-1.25) 112 (0.87-1.44) 1.08 (0.84-1.38)
R10+E10 10 591.2 16.9 1.30 (0.68-2.48) 1.56 (0.81-2.99) 1.45 (0.77-2.72)
Repeat revascularization 0.217 0.317 0.286
A40 207 10,313.5 20.1 1 (ref.) 1 (ref.) 1 (ref.)
A20+E10 8 384.4 20.8 0.84 (0.41-1.69) 0.87 (0.43-1.76) 0.79 (0.37-1.64)
R20 248 13,185.4 18.8 0.93 (0.77-1.12) 1.05 (0.87-1.26) 1.03 (0.86-1.24)
R10+E10 7 594.1 1.8 0.46 (0.22-0.98) 0.52 (0.25-1.11) 0.53 (0.26-1.09)
Ischemic stroke 0.270 0.213 0.191
A40 50 10,621.2 47 1 (ref.) 1 (ref.) 1 (ref.)
A20+E10 4 394.4 10.1 2.29 (0.82-6.38) 2.42 (0.87-6.77) 2.54 (0.96-6.72)
R20 74 13,582.6 5.4 1.16 (0.81-1.66) 1.23 (0.85-1.76) 1.20 (0.84-1.72)
R10+E10 1 601.0 17 0.38 (0.05-2.77) 0.41(0.06-3.00) 0.53 (0.10-2.85)
All-cause Death 0.343 0.27 017
A40 103 10,699.8 9.6 1 (ref.) 1 (ref.) 1 (ref.)
A20+E10 3 395.5 7.6 0.86 (0.27-2.72) 0.96 (0.30-3.04) 119 (0.44-3.23)
R20 12 13,677.5 8.2 0.85 (0.65-1.12) 0.96 (0.73-1.26) 0.94 (0.72-1.23)
R10+E10 8 601.1 13.3 1.53 (0.74-3.16) 2.00 (0.96-4.16) 2.07 (1.08-3.94)

Study population were divided into the 4 groups: patients with atorvastatin 40 mg monotherapy (A40); combination therapy with atorvastatin 20 mg and
ezetimibe 10 mg (A20+E10); rosuvastatin 20 mg monotherapy (R20); combination therapy of rosuvastatin 10 mg and ezetimibe 10 mg (R10+E10).
IR, incidence rate; HR, hazard ratio; Cl, confidence interval; IPTW, inverse probability of treatment weighting; BMI, body mass index; CCI, Charlson comorbidity
index; LDL-C, low-density lipoprotein cholesterol; GFR, glomerular filtration rate; MI, myocardial infarction; ACEI, angiotensin-converting enzyme inhibitor.
*Adjusted model and TIPTW: age, sex, income (low 20%), CCl, diabetes mellitus, hypertension, smoke history, alcohol consumption, regular exercise, BMI,
LDL-C, GFR, ACEls, beta-blockers, days of statins prescribed.
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Table 3. Subgroup analyses of primary outcome®, according to the different statin treatment groups stratified by age, sex, and clinical presentation

Variables Treatment No. Event Duration IR (per 1,000 HR (95% CI)
groups (yr) person-years)  Adjusted model® p-value IPTWH p-value
Age
<65 years A40 2,679 9256 6,695.3 38.2 1 (ref.) 0.750 1(ref.) 0.823
A20+E10 157 13 258.2 50.3 1.188 (0.679-2.08) 1.067 (0.592-1.924)
R20 3,551 300 8,814.6 34.0 1.01 (0.853-1.195) 0.982 (0.831-1.16)
R10+E10 263 13 405.3 32.1 0.78 (0.445-1.365) 0.775 (0.448-1.341)
265 years A40 1,362 186 3,368.5 55.2 1 (ref.) 0.410 1 (ref.) 0.386
A20+E10 76 8 18.3 67.6 1.262 (0.62-2.572) 1.412 (0.747-2.671)
R20 1,700 239 4,035.4 59.2 1169 (0.962-1.421) 1.153 (0.951-1.397)
R10+E10 120 n 178.8 61.5 1.284 (0.694-2.375) 1.271 (0.733-2.207)
Sex
Male A40 3,397 367 8,472.5 43.3 1 (ref.) 0.737 1 (ref.) 0.902
A20+E10 190 18 312.0 57.7 1.277 (0.794-2.053) 1.197 (0.748-1.915)
R20 4,404 433 10,799.7 40.1 1.047 (0.91-1.205) 1.015 (0.883-1.167)
R10-+E10 319 921 484.9 43.3 1.003 (0.644-1.562) 1.027 (0.678-1.555)
Female A40 644 75 1,591.2 471 1 (ref.) 0.579 1 (ref.) 0.457
A20+E10 43 3 64.5 46.5 0.738 (0.229-2.376) 1.226 (0.404-3.727)
R20 847 106 92,050.4 517 1.177 (0.871-1.59) 1.213 (0.904-1.628)
R10+E10 64 3 99.2 30.3 0.758 (0.237-2.425) 0.659 (0.218-1.992)
Clinical presentation
STEMI A40 953 107 92,531.3 42.3 1 (ref.) 0.923 1 (ref.) 0.899
A20+E10 48 5 75.4 66.4 1.145 (0.463-2.833) 1.323 (0.522-3.352)
R20 956 99 92,436.5 40.6 1.095 (0.83-1.444) 1.041 (0.792-1.368)
R10+E10 68 5 12.2 44.6 1.142 (0.461-2.833) 1.231 (0.553-2.742)
NSTEMI A40 1,221 136 2,820.4 48.2 1 (ref.) 0.492 1 (ref.) 0.474
A20+E10 88 6 141.0 42.6 0.917 (0.403-2.087) 0.748 (0.317-1.764)
R20 1,599 174 3,797.0 45.8 1.047 (0.834-1.314) 1.06 (0.846-1.329)
R10+E10 132 5 195.1 25.6 0.525 (0.214-1.287) 0.598 (0.261-1.368)
Unspecified Ml A40 1,867 199 4,712.1 42.2 1 (ref.) 0.568 1 (ref.) 0.519
A20+E10 97 10 160.2 62.4 1.445 (0.762-2.739) 1.56 (0.86-2.831)
R20 2,696 266 6,616.6 40.2 1.08 (0.896-1.301) 1.046 (0.87-1.258)
R10+E10 183 14 276.8 50.6 1.246 (0.721-2.156) 1.122 (0.662-1.902)

Study population were divided into the 4 groups: patients with atorvastatin 40 mg monotherapy (A40); combination therapy with atorvastatin 20 mg and
ezetimibe 10 mg (A20+E10); rosuvastatin 20 mg monotherapy (R20); combination therapy of rosuvastatin 10 mg and ezetimibe 10 mg (R10+E10).

IR, incidence rate; HR, hazard ratio; Cl, confidence interval; IPTW, inverse probability of treatment weighting; STEMI, ST-elevation myocardial infarction; NSTEMI,
non-ST-elevation myocardial infarction; MI, myocardial infarction; PCI, percutaneous coronary intervention.

*Primary outcome: composite of all-cause death, non-fatal MI undergoing PCI, repeat revascularization, and ischemic stroke. TAdjusted model and ¥IPTW: age,
sex, income (low 20%), CCI, diabetes mellitus, hypertension, smoking history, alcohol consumption, regular exercise, BMI, LDL-C, GFR, ACEls, beta-blockers,
days of statins prescribed.

https://e-jla.org

group (HR, 4.54; 95% CI, 1.45-14.24) among the patients with STEMI at the index PCIL.
However, the risk of ischemic stroke was higher in A20+E10 group than the A40 group among
male patients (HR, 3.25; 95% CI, 1.21-8.72) and among patients with STEMI at the index PCI
(HR, 5.03; 95% CI, 1.08-23.6). The risk of all-cause death was higher in the R10+E10 group
among male patients (HR, 2.14; 95% CI, 1.03—4.43) and among patients with STEMI at the
index PCI (HR, 3.11; 95% CI, 1.00-9.65).

DISCUSSION

This is the first nationwide cohort study to compare the effect of doubling the dose of
moderate-intensity statin and adding ezetimibe to study MACE in patients with AMI. In
this study, there was no significant difference in the risk of composite outcomes of MACE.
However, the risk of all-cause death was higher in the R10+E10 group (HR, 2.07; 95% CI,
1.08-3.94) than in the A40 group (reference).
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The IMPROVE-IT trial demonstrated that adding ezetimibe 10 mg to simvastatin 40 mg
resulted in an incremental lowering of the LDL-C levels and improved MACE in patients
with ACS." Furthermore, several studies have demonstrated that adding ezetimibe 10 mg

to atorvastatin 20 mg was more effective than doubling the dose of atorvastatin to 40 mg in
lowering the levels of LDL-C and other lipid parameters.’>**> However, there have been few
studies that have attempted to elucidate whether the combination of ezetimibe, which is more
effective at lowering LDL-C, is more effective in reducing MACE than doubling the statin
dose. A retrospective study using the United Kingdom General Practice Research Database
reported that the use of high-potency statins (atorvastatin or rosuvastatin) in survivors of MI
was associated with a lower mortality risk (HR, 0.72; 95% CI, 0.59-0.88, p<0.001) compared
with simvastatin monotherapy.’® However, there was no mortality benefit observed in the
simvastatin/ezetimibe combination group (HR, 0.96; 95% CI, 0.64-1.43; p=0.85), despite
the effective reduction in LDL-C observed, as in the high-potency statin group. A nationwide
cohort study using the Korea Acute Myocardial Infarction Registry compared the clinical
outcomes of simvastatin/ezetimibe and high-intensity statin therapy (atorvastatin 40-80

mg daily or rosuvastatin 20-40 mg) in patients with AMLY After propensity score matching
analysis, simvastatin/ezetimibe was associated with a higher incidence of MACE (HR, 3.090;
95% CI, 1.715-5.566; p<0.001) and repeat revascularization (HR, 3.935; 95% CI, 2.043-7.582;
p<0.001) than high-intensity statin therapy. At 1 year of follow-up, there was no significant
difference in the mean LDL-C levels between the two groups. These effects seen in the
high-intensity statin groups might be due to the multiple “pleiotropic” effects of statins that
are independent of the decrease in LDL-C level. Statins reduce the synthesis of cholesterol

in the liver by inhibiting 3-hydroxy-3-methylglutaryl coenzyme A reductase, which inhibits
the production of isoprenoids in the cholesterol biosynthetic pathway. Since the binding of
isoprenoids to signaling proteins, such as Rho and Rac promotes inflammatory signaling
pathways, statins have beneficial effects, including improving the function of vascular
endothelial cells, stabilizing atherosclerotic plaques, reducing the levels of proinflammatory
cytokines, reactive oxygen species, and clot formation, and limiting cardiac fibrosis and
hypertrophy.”?° A recent retrospective study on patients who achieved the LDL-C goal after
PCI reported that high-intensity statins were associated with a lower risk of MACE compared
with non-high-intensity statins (4.1% vs. 9.9%; HR, 0.42; 95% CI, 0.23-0.79; p<0.01), despite
a small difference in the LDL-C level achieved (59413 vs. 61+12 mg/dL; p=0.04).” From these
studies, we can conclude that high-intensity statin therapy might be associated with additional
effects on MACE beyond what may be achieved by targeting LDL-C alone.

The aforementioned studies have limitations in that they compared the effects of simvastatin/
ezetimibe combination therapy with high-intensity statin therapy with the statins having
different doses.’* Therefore, we tried to directly compare each group by subdividing

the type and dose of statin as follows: A40, R20, A20+E10, and R10+E10. Atorvastatin

and rosuvastatin are the most popular and potent statins used. To make the study cohort
homogeneous and to minimize the drawbacks of a retrospective study in the selection of
the study cohort, we included only patients with MI who underwent PCI for ACS. Although
patients in the four groups generally did not show significant differences in each study
variable, we performed Cox multivariable analysis and IPTW test, including CCI score,

to maximally adjust the differences of variables between the groups. In the weighted
multivariable model, the incidence rate of the primary outcome was comparable among
the four groups, but the all-cause death rate was higher in the R20+E10 group than in A40
group (reference). Although there are interpretation limitations, in the subgroup analyses,
the risks of secondary outcomes, except for repeat revascularization, were higher in the
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ezetimibe combination group than in the high-intensity statin alone group. These results
suggest that, as in previous studies,'®" high- intensity statin monotherapy might be better

at lowering the risk of MACE, even though it is not more effective in reducing LDL-C than
ezetimibe combination therapy. In this study, especially in STEMI patients, the ezetimibe
combination group showed a higher risk of non-fatal MI, ischemic stroke, and all-cause death
than the high-dose statin group. STEMI is the most serious type of ACS, and microvascular
obstruction (MVO) is known to be a predictor of adverse outcomes in patients with STEMI.?
A previous study showed that administration of high-dose statin before primary PCI
improved angiographic MVO, compared with low-dose statin.?® Although the analysis is
limited, the involvement of this mechanism may be the reason that high-dose statin showed a
more favorable tendency in STEMI patients compared to other subgroups.

There are several limitations to our study. First, this was a retrospective observational study
and suffers from potential selection and ascertainment bias, as well as residual confounding
factors. Although we performed Cox multivariable analyses and IPTW with adjustments to
overcome these limitations, unmeasured potential confounders still remained. In addition,
statin therapy might have been influenced by patient demographics, clinical presentation,
baseline cholesterol level, and physician preference. Second, the data we used from the
KNHIS database might be prone to coding errors related to the diagnoses. The dosing and
maintenance of statins were based on prescription data because data on drug compliance
were not available. Third, there was a much smaller number of patients in the ezetimibe
combination therapy group compared to the high-intensity statin group. This weakened the
statistical power of the analyses. Fourth, we did not analyze the achieved LDL-C level during
the follow-up period due to the limitation of the dataset. If the achieved LDL-C level was
different among groups, it could affect the results. Despite these limitations, this study is
significant, since it is the first study using real-world data to compare the effects of high-
intensity statin therapy with moderate-intensity statin and ezetimibe combination therapy on
MACE in patients with MI who underwent PCI.

In conclusion, there was no significant difference in the composite outcome of MACE
between high-intensity statin monotherapy and moderate-intensity statin and ezetimibe
combination therapy. A large, well-designed prospective study will be required to
demonstrate which of the statin treatment groups are superior in reducing MACE in patients
with AMI.

SUPPLEMENTARY MATERIALS

Supplementary Table 1

Incidence rate and HRs for primary and secondary outcomes, according to different statin
treatment groups (including those who were followed up for less than 1 year)

Click here to view

Supplementary Table 2

Subgroup analyses of non-fatal MI with PCI according to different statin treatment groups

stratified by age, sex, and clinical presentation

Click here to view
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