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Background—Whether use of high-intensity statins is more important than achieving low-density lipoprotein cholesterol (LDL-C)
target remains controversial in patients with coronary artery disease. We sought to investigate the association between statin
intensity and long-term clinical outcomes in patients achieving treatment target for LDL-C after percutaneous coronary
intervention.

Methods and Results—Between February 2003 and December 2014, 1746 patients who underwent percutaneous coronary
intervention and achieved treatment target for LDL-C (<70 mg/dL or >50% reduction from baseline level) were studied. We
classified patients into 2 groups according to an intensity of statin prescribed after index percutaneous coronary intervention: high-
intensity statin group (atorvastatin 40 or 80 mg, and rosuvastatin 20 mg, 372 patients) and non-high-intensity statin group (the
other statin treatment, 1374 patients). The primary outcome was a composite of cardiac death, myocardial infarction, or stroke.
Difference in time-averaged LDL-C during follow-up was significant, but small, between the high-intensity statin group and non-
high-intensity statin group (59+13 versus 61412 mg/dL; P=0.04). At 5 years, patients receiving high-intensity statins had a
significantly lower incidence of the primary outcome than those treated with non-high-intensity statins (4.1% versus 9.9%; hazard
ratio, 0.42; 95% confidence interval, 0.23-0.79; P<0.01). Results were consistent after propensity-score matching (4.2% versus
11.2%; hazard ratio, 0.36; 95% confidence interval, 0.19—0.69; P<0.01) and across various subgroups.

Conclusions—Among patients achieving treatment target for LDL-C after percutaneous coronary intervention, high-intensity
statins were associated with a lower risk of major adverse cardiovascular events than non-high-intensity statins despite a small
difference in achieved LDL-C level. (/ Am Heart Assoc. 2018;7:e¢009517. DOI: 10.1161/JAHA.118.009517)
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igh-intensity statins have demonstrated consistent

benefits for secondary prevention of adverse cardio-
vascular events compared with moderate-intensity statins in
several randomized trials."? Therefore, the 2013 American
College of Cardiology/American Heart Association (ACC/
AHA) guideline on treatment of blood cholesterol recom-
mends high-intensity statins, including atorvastatin 40 or
80 mg and rosuvastatin 20 or 40 mg, for patients with
atherosclerotic cardiovascular disease.®> However, whether

beneficial effects of high-intensity statins can be attributable
to statin intensity per se or to merely lower low-density
lipoprotein cholesterol (LDL-C) level achieved by high-intensity
statins compared with moderate-intensity statins is uncertain.
It has been reported that lowering of LDL-C with statin
therapy reduces major cardiovascular events regardless of
types or intensities of statins.* Therefore, European Society of
Cardiology/European Atherosclerosis Society (ESC/EAS)
guidelines for management of dyslipidemia still propose the
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Statin Intensity in Patients Achieving LDL-C Goal Kim et al

Clinical Perspective

What Is New?

* In patients undergoing coronary revascularization who
achieved a low-density lipoprotein-cholesterol <70 mg/dL,
high-intensity statin therapy was significantly associated
with a lower risk of primary outcome compared with non-
high-intensity statin therapy.

What Are the Clinical Implications?

In patients undergoing percutaneous coronary intervention,
high-intensity statin therapy is associated with additional
lowering of risk of major adverse cardiovascular events
beyond what may be achieved by low-density lipoprotein
cholesterol target alone.

target goal for LDL-C of <1.8 mmol/L (70 mg/dL) or a
reduction of at least 50% from baseline for subjects at very
high risk without specific recommendation for type or
intensity of statin.” The differences between the 2 guidelines
have caused many debates and much confusion in daily
practice.® To date, it remains controversial whether outcomes
differ according to statin intensity in patients with similar LDL-
C level. Therefore, we sought to investigate the association
between statin intensity and long-term clinical outcomes in
patients undergoing percutaneous coronary intervention (PCl)
and achieving treatment target for LDL-C.

Methods
Study Population

The study population was selected from the Samsung Medical
Center (Seoul, Korea) PCI registry. Between February 2003
and December 2014, 8148 patients underwent PCI with drug-
eluting stents. Patients were ineligible for the study if there
were no data on blood cholesterol level or medication
information at discharge. Exclusion criteria were: (1) <20
years of age; (2) on maintenance hemodialysis; (3) had a
history of liver cirrhosis; (4) received treatment for human
immunodeficiency virus infection; (5) had undergone any
organ transplantation; (6) had cardiopulmonary resuscitation
or mechanical circulatory support during PCl; or (7) taking
statin and ezetimibe combination therapy. After exclusion of
4013 patients, whether treatment target for LDL-C was
achieved or not during follow-up after index PCI was reviewed
in 4135 patients. We calculated time-averaged LDL-C using
follow-up LDL-C levels measured from 4 weeks to 3 years
after index PCI and regarded target for LDL-C being achieved
when time-averaged LDL-C was <1.8 mmol/L (70 mg/dL) or
reduced at least 50% from baseline during follow-up after

index PCl based on the ESC/EAS guideline.® Time-averaged
LDL-C was calculated by the formula:

SO Lix Ti
YT

where Li=consecutively measured follow-up LDL-C level,
Ti=time period of measurement between Li-1 and Li, and
T1=time period between index PCl and L1.

Finally, 1746 patients who achieved target for time-averaged
LDL-C during follow-up were included in this study. We classified
patients into 2 groups according to the intensity of statin
prescribed at hospital discharge from admission for the index
PCl: high-intensity statin group (n=372) and non-high-intensity
statin group (n=1374). Definition of statin intensity was based on
the guideline from ACC/AHA.2 Atorvastatin 40 or 80 mg and
rosuvastatin 20 mg were defined as high-intensity statins, and the
other statins were classified as non-high-intensity statins. (Details
about statins used in the non-high-intensity statin group are shown
in Table S1.) Rosuvastatin 40 mg has not been approved in Korea.
The exclusion and division of the study is shown in a flow diagram
in Figure 1. The Institutional Review Board of Samsung Medical
Center approved this study and waived the requirement for written
informed consent. The data, analytical methods, and study
materials will not be made available to other researchers for
purposes of reproducing the results or replicating the procedure.

Time-averaged LDL-C =

Data Collection and Follow-up

Baseline characteristics and clinical outcome data were prospec-
tively collected in our PCI registry by trained research coordinators
using a standardized case report form and protocol. Patients were
routinely followed up at 1, 6, and 12 months after the index
procedure and annually thereafter. Further information was
collected by telephone contact or medical records, if necessary.
Data on statin intensity were collected from the electronic
prescribing system of Samsung Medical Center. To assess
whether the intensity of statin was maintained during follow-up,
information on medications that had been prescribed during the
3 years after index PCl were collected. We also collected high-
sensitivity C-reactive protein (hs-CRP) level measured during the
3 years after index PCI. Time-averaged hs-CRP was calculated by
the same formula used in calculating time-averaged LDL-C.
Follow-up was considered complete if mortality was confirmed
from the National Population Registry of the Korea National
Statistical Office using a unique personal identification number or
if the patient was contacted at the planned follow-up interval.

Study Outcomes and Definition

The primary outcome was the occurrence of major adverse
cardiovascular events (MACEs) during follow-up, defined as a
composite of cardiac death, myocardial infarction (Ml), or
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8148 Patients Screened
(from SMC PCI registry, 2003.2 ~ 2014.12)

391 excluded
7 under age 20
118 hemodialysis
87 liver cirrhosis
2 medication for HIV infection
49 any organ transplantation
93 hemodynamic unstable during PCI
65 taking statin and ezetimibe combination therapy

3622 not eligible
2251 Baseline or follow-up lipid profile unavailable
2305 Lack in detailed information on statin type and dose

4135 Patients Reviewed

1746 Patients
who achieve LDL-C target

High-intensity statin
372 patients

Non-high-intensity statin
1374 patients

Figure 1. Scheme of group distribution. HIV indicates human immunodeficiency virus; LDL-C, low-density
lipoprotein cholesterol; PCI, percutaneous coronary intervention; SMC, Samsung Medical Center.

stroke. Secondary outcomes included all-cause death, target
lesion revascularization, target vessel revascularization, and
individual components of the primary outcome. All deaths
were considered to be cardiac death unless a definite
noncardiac cause could be established.” Ml was defined as
elevated cardiac enzymes (troponin or myocardial band
fraction of creatinine kinase) greater than the upper-normal
limit with ischemic symptoms or electrocardiography findings
indicative of ischemia or MI at readmission requiring subse-
quent hospitalization (defined as emergency admission with
principal diagnosis of MI).>? Stroke was defined as a
neurological deficit attributed to an acute focal injury of the
central nervous system by a vascular cause, including cerebral
infarction, intracerebral hemorrhage, and subarachnoid
hemorrhage.'® Target lesion revascularization was defined
as repeat PCI of the lesion within 5 mm of stent deployment
or bypass graft surgery of the target vessel. Target vessel
revascularization was repeat revascularization of the target
vessel by PCl or bypass graft surgery.7’8 All end points in this
study were censored at 5 years after index PCI.

Statistical Analysis

Categorical variables are presented as numbers of events and
percentages and were compared using the chi-square test or
Fisher’s exact test (for sparse data). Continuous variables are
presented as mean+SD and were compared using the t test

or Wilcoxon rank-sum test. We assessed survival curves using
the Kaplan—Meier method, along with a log-rank test. We
estimated the hazard ratios (HRs) of high versus non-high-
intensity statin group in both univariate and multiple Cox
regression models. In multiple Cox regression, variables that
appeared to be related in the univariate analysis with a P<0.2
were considered in a step-wise method to select predictors of
outcomes. HRs of high versus non-high-intensity statin group
were reported with their 95% confidence intervals (Cls).

In addition, to adjust the 2 groups for any inherent
imbalance in their demographic and clinical characteristics,
we advocated the propensity score method and balanced the
2 groups so that they were comparable with no undue
influences from confounding factors. Propensity scores, which
are the probability of being treated with a high-intensity statin
for each patient, were estimated using predicted probabilities
from a multiple logistic regression analysis. Typically a full
nonparsimonious model was fit using all variables in Table 1
(except aspirin and P2Y, inhibitors) and baseline lipid profile
in Table 2 to predict the probability to be treated with a high-
intensity statin. The variable ratio, parallel, and pair-wise
nearest neighbor matching method created a matched data
set to avoid a significant data loss from unmatched patients.
A standardized mean difference of less than 10% for each
matching covariate suggested an appropriate balance
between the groups, as did a variance ratio near 1.0 between
the 2 groups. To confirm the balance, McNemar’s or Bowker’s
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Table 2. Baseline Lipid Profile and Changes in LDL-C and hs-CRP

Total Population Propensity-Matched Population
High-Intensity Non-High-Intensity High-Intensity Non-High-Intensity
Statin (n=372) Statin (n=1374) P Value Statin (n=367) Statin (n=798) P Value
Baseline lipid profile, mg/dL
LDL-C 126+41 112+41 <0.01 125441 123+41 0.54
HDL-C 46+12 45412 0.14 46+12 4612 0.89
Triglycerides 155+114 1514102 0.57 155+114 154497 0.90
Time-averaged LDL-C, mg/dL* 59413 61+12 0.04 59413 62413 0.03
Reduction from baseline 66+36 51435 <0.01 66+36 61£35 0.10
LDL-C, mg/dL
Percent reduction from 48.0 39.4 <0.01 47.9 42.9 <0.01
baseline LDL-C, %
Population with available hs-CRP data (n=292) (n=924) (n=287) (n=556)
Baseline hs-CRP, mg/L 9.6+35.3 6.9+21.5 0.22 9.7+35.6 6.2+16.9 0.11
Time-averaged hs-CRP, mg/L* 3.04+9.0 4.84+15.7 0.01 3.0+9.0 414137 0.15
Reduction from baseline 6.61+34.8 2.14+24.6 0.04 6.74+35.1 2.14+19.0 0.04
hs-CRP, mg/L

Values are mean+SD. HDL-C indicates high-density lipoprotein cholesterol; hs-CRP, high-sensitivity C-reactive protein; LDL-C, low-density lipoprotein cholesterol; PCl, percutaneous

coronary intervention.

*Time-averaged LDL-C and time-averaged hs-CRP were calculated from follow-up LDL-C and hs-CRP values collected during the periods from 4 weeks to 3 years after index PCI.

Changes in LDL-C and hs-CRP
Overall population

Baseline lipid profile, time-averaged LDL-C, and hs-CRP
between the high-intensity statin group and non-high-intensity
statin group are shown in Table 2. The high-intensity statin
group showed higher baseline LDL-C than the non-high-
intensity statin group (126441 versus 112441 mg/dL;
P<0.01). Baseline level of high-density lipoprotein cholesterol
and triglyceride were similar between the 2 groups. Difference
in the time-averaged LDL-C during follow-up was significant,
but small (59+£13 versus 614+12 mg/dL; P=0.04). A high-
intensity statin lowered LDL-C further from baseline by
approximately 15 mg/dL than a non-high-intensity statin,
and the difference between the 2 groups in percent reduction

Table 3. Maintenance of Statin Intensity During Follow-up

from baseline LDL-C was 8.6% (48.0% versus 39.4%; P<0.01).
Reduction from baseline hs-CRP was significantly greater in
the high-intensity statin group than in the non-high-intensity
statin group (6.6+34.8 versus 2.1+24.6 mg/L; P=0.04).

Propensity-matched population

Baseline level of LDL-C was similar in the 2 groups
(125+41 versus 123+41 mg/dL; P=0.54). In the high-
intensity statin group, time-averaged LDL-C was significantly
lower than that of the non-high-intensity statin group
(59413 versus 62413 mg/dL; P=0.03). A high-intensity
statin lowered LDL-C further from baseline by approximately
5 mg/dL than a non-high-intensity statin, and the difference
between the 2 groups in percent reduction from baseline LDL-
C was 5.0% (47.9% versus 42.9%; P<0.01). Reduction from

Total Population

Propensity-Matched Population

Year of Follow-up*

High-Intensity
Statin (n=372)

Non-High-Intensity
Statin (n=1374)

High-Intensity
Statin (n=367)

Non-High-Intensity
Statin (n=798)

1y 302/303 (99.7%) 1127/1133 (99.5%) 297/298 (99.7%) 645/649 (99.4%)
2y 191/194 (98.5%) 869/876 (99.2%) 187/190 (98.4%) 480/486 (98.8%)
3y 124/142 (87.3%) 620/654 (94.8%) 122/139 (87.8%) 313/333 (94.0%)

PCl indicates percutaneous coronary intervention.

*We investigated the maintenance of statin intensity in the patients who were not censored and had information about the follow-up medication at 1, 2, and 3 years after index PClI,
respectively. The denominators of each cell were calculated by subtracting the number of patients without statin information from the patients under follow-up at each year. The numbers

of patients under follow-up and without statin information are summarized in Table S2.
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Table 4. Clinical Outcomes

Kim et al

Non-High-Intensity Unadjusted HR Adjusted HR
High-Intensity Statin Statin (95% ClI) P Value (95% CI)* P Value
Total population (n=1746) (n=372) (n=1374)
Primary end point
Cardiac death, MI, stroke 11 (4.1) 108 (9.9) 0.44 (0.24-0.82) | 0.01 | 0.42 (0.23-0.79) <0.01
Secondary end points
All-cause death 12 (5.0) 100 (9.6) 0.56 (0.31-1.02) 0.06 0.56 (0.30-1.01) 0.06
Cardiac death 3(0.8) 50 (4.8) 0.27 (0.09-0.87) 0.03 0.29 (0.09-0.94) 0.04
MI 4 (1.4) 26 (2.4) 0.64 (0.22-1.83) 0.40 0.64 (0.22-1.84) 0.41
Stroke 5(2.2) 46 (4.2) 0.48 (0.19-1.20) 0.12 0.45 (0.18-1.13) 0.09
Target lesion revascularization 11 4.2) 65 (5.2) 0.66 (0.35-1.26) 0.21 0.68 (0.36-1.29) 0.24
Target vessel revascularization 15 (5.4) 110 (9.0) 0.54 (0.31-0.92) 0.02 0.64 (0.37-1.11) 0.11
Propensity-matched population (n=1165) (n=367) (n=798)
Primary end point
Cardiac death, MI, stroke 11 (4.2) 66 (11.2) 0.39 (0.20-0.75) | <0.01 | 0.36 (0.19-0.69) <0.01
Secondary end points
All-cause death 12 (5.1) 50 (9.0) 0.57 (0.30-1.07) 0.08 0.58 (0.31-1.07) 0.08
Cardiac death 3(0.9 27 (4.9 0.26 (0.08-0.86) 0.03 0.27 (0.08-0.90) 0.03
MI 4 (1.4) 15 (2.6) 0.56 (0.18-1.72) 0.31 0.53 (0.17-1.63) 0.27
Stroke 5(2.3) 33 (5.6) 0.40 (0.19-1.03) 0.06 0.41 (0.16-1.086) 0.07
Target lesion revascularization 11 (4.3) 37 (4.8) 0.68 (0.34-1.34) 0.26 0.67 (0.34-1.34) 0.26
Target vessel revascularization 15 (5.4) 52 (7.3) 0.66 (0.37-1.19) 0.17 0.66 (0.37-1.19) 0.17

Values are n (%). Cl indicates confidence interval; HR, hazard ratio; MI, myocardial infarction.

*The adjusted HRs are adjusted using all variables listed in Table 1 and baseline lipid profile in Table 2, eliminating insignificant variables.

baseline hs-CRP was significantly greater in the high-intensity
statin group than in the non-high-intensity statin group
(6.7£35.1 versus 2.1£19.0 mg/L; P=0.04).

Clinical Outcomes
Overall population

Median follow-up duration was 4.2 years (interquartile range, 2.2—
5.0). Observed clinical outcomes are shown in Table 4. MACEs
occurred in 119 patients, including 53 cardiac deaths, 30 Mls, and
51 strokes. Incidence of MACEs was significantly lower in the
high-intensity statin group than that of the non-high-intensity
statin group (4.1% versus 9.9%; adjusted HR, 0.42; 95% Cl, 0.23—
0.79; P<0.01; Figure 2A). Cardiac death also occurred less
frequently in the high-intensity statin group than the non-high-
intensity statin group (0.8% versus 4.8%; adjusted HR, 0.29; 95%
Cl, 0.09-0.94; P=0.04). However, in the analysis that we classified
only those deaths proven to have a definite cardiac etiology as
“cardiac death,” incidence of cardiac death was not significantly
different between the 2 groups (0.6% versus 2.8%; adjusted HR,
0.31; 95% Cl, 0.07—1.34; P=0.12). Although all-cause death and
stroke tended to occur less frequently in the high-intensity statin

group than in the non-high-intensity statin group, statistically
significance was not achieved.

Propensity-matched population

There were 77 instances of MACEs with a median follow-up of
4.1 years (interquartile range, 2.1-5.0) in the matched
patients. Incidence of MACEs was significantly lower in the
high-intensity statin group than that of the non-high-intensity
statin group (4.2% versus 11.2%; adjusted HR, 0.36; 95% ClI,
0.19-0.69; P<0.01; Table 4; Figure 2B). Cardiac death also
occurred less frequently in the high-intensity statin group than
the non-high-intensity statin group (0.9% versus 4.9%;
adjusted HR, 0.27; 95% Cl, 0.08-0.90; P=0.03). Although
all-cause death and stroke tended to occur less frequently in
the high-intensity statin group than in the non-high-intensity
statin group, statistically significance was not achieved.

Subgroup Analysis

To determine whether the treatment benefits of high-intensity
statin observed in the overall population were consistent, we
calculated the unadjusted HR for the MACEs in various
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121 P =0.01 — Non-high-intensity statin 127 P <0.01 = Non-high-intensity statin
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Years since intervention Years since intervention
No. at Risk No, at Risk
High-intensity 372 339 238 188 149 84  High-intensity 367 334 234 185 146 83
Non-high-intensity 1374 1305 1106 931 754 612 Mon-high-intensity ~ 798 746 603 476 356 260

Figure 2. Kaplan—Meier estimates of the incidence of the primary end point in overall and propensity-matched population. A, Kaplan—Meier curves for
major cardiovascular events (a composite of cardiac death, myocardial infarction, or stroke) in the high-intensity statin group vs the non-high-intensity
statin group in the overall population. B, Kaplan—Meier curves for major cardiovascular events (a composite of cardiac death, myocardial infarction, or
stroke) in the high-intensity statin group vs the non-high-intensity statin group in the propensity-matched population.

subgroups (Figure 3). Benefits of high-intensity statin were
consistent, and there was no significant interaction between
statin intensity and primary outcome in any subgroups.

Discussion

In the present study, we compared the long-term clinical
outcomes according to intensity of statin in patients achieving
treatment target for LDL-C during follow-up after PCI. The
major findings of this study were: (1) Patients in the high-
intensity statin group had a significantly lower incidence of
MACEs than those in the non-high-intensity statin; (2) this
finding was consistently observed in the propensity-matched
population and the various subgroups; (3) time-averaged LDL-
C, which was calculated from follow-up LDL-C values after
index PCI, was significantly lower in the high-intensity statin
group than in the non-high-intensity statin group, but the
difference was small; and (4) reduction from baseline hs-CRP
was significantly greater in the high-intensity statin group
than in the non-high-intensity statin group.

Limited Data on Comparison Between
Statin Intensity-Based Strategy Versus LDL-C
Target-Based Strategy

Statin therapy should be initiated as early as possible to all
patients who undergo coronary revascularization for coronary
artery disease, regardless of baseline serum cholesterol
level.""'® However, 2 major guidelines from the ACC/AHA
and ESC/EAS recommend different lipid-lowering strategies
for secondary prevention in patients who undergo PCI.**®

Whereas the ESC/EAS guideline focuses on decreasing LDL-C
to specific treatment target, ACC/AHA recommends the
treatment using evidence-based intensity statin therapy
without specific cholesterol target.' Such a distinction
between the 2 guidelines has led to confusion in the clinical
setting.® During the study period, a high-intensity statin was
prescribed in 14.2% (774 of 5452) of all patients with
available information on statin type and dose in our PCI
registry. Although the rate of prescription of a high-intensity
statin increased to 41.9% (137 of 327) after the ACC/AHA
published the guideline on the treatment of blood cholesterol
in November 2013, non-high-intensity statins have still been
used frequently for secondary prevention in patients under-
going PCI. These observations imply a lack of consensus in
the treatment of LDL-C for secondary prevention. In a meta-
analysis by the Cholesterol Treatment Trialists’ Collabolation,
each 1-mmol/L (approximately 40 mg/dL) reduction in LDL-C
reduced the risk of major vascular events by around 22%,
regardless of statin type and dose.* Moreover, recent trials
demonstrated that nonstatin lipid-lowering drugs, such as
ezetimibe and cholesteryl ester transfer protein inhibitor,
when added to statin, can further decrease LDL-C and
improve outcomes.'®'® These findings support LDL-C target-
based strategy. However, several landmark studies on statin
therapy for secondary prevention compared high-intensity
statin versus moderate-intensity statin, not target LDL-C, and
demonstrated that high-intensity statin was superior to
moderate-intensity statin for reducing the incidence of
MACEs."? So far, there are limited data on comparison
between statin intensity-based strategy versus LDL-C target-
based strategy, especially in patients with similar LDL-C
levels. Therefore, we compared long-term clinical outcomes
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Subgroups Number of patients Hazard ratio 95% CI p for interaction
Age 0.34
< 65 years 613 i 0.63 0.21-1.90
= 65 years 552 —— 0.33 0.15-0.72
Sex 0.58
Female 233 — 0.23 0.03-1.84
Male 932 —— 0.43 0.21-0.85
BMI 0.11
<25 kg/m? 642 L 0.25 0.10-0.64
> 25 kg/m? 523 —— 0.74 0.29-1.91
Diabetes 0.78
No 548 —a— 0.44 0.15-1.26
Yes 617 —a— 0.36 0.16-0.82
Current smoking 0.76
No 792 —— 0.36 0.16-0.81
Yes 373 — 0.46 0.15-1.40
Presentation 041
Non-ACS 448 —— 0.24 0.06-1.00
ACS 717 —. 0.46 0.22-0.97
Baseline LDL-C 0.7
<125 mg/dl 655 —i— 0.46 0.21-1.04
> 125 mg/dl 510 S E— 031 0.11-0.91
Intervention on LM or LAD 0.20
No 439 —l— 0.65 0.26-1.61
Yes 726 R E— 0.26 0.10-0.68
O,Il 1.0 I()I,O
Favors high-intensity Favors non-high-intensity

Figure 3. Comparative unadjusted hazard ratios of primary end point for subgroups. ACS indicates acute
coronary syndrome; BMI, body mass index; Cl, confidence interval; LDL-C, low-density lipoprotein
cholesterol; LAD, left anterior descending artery; LM, left main coronary artery.

between the high-intensity statin group and the non-high-
intensity statin group among patients who achieved LDL-C
target after PCI.

Plausible Explanations for the Benefit of
High-Intensity Statin Therapy

In the present study, high-intensity statin therapy was more
effective in preventing MACE than non-high-intensity statin
therapy in patients achieving treatment target for LDL-C after
PCI. There are several plausible explanations for our results.
First, level of follow-up time-averaged LDL-C was lower in the
high-intensity statin group than in the non-high-intensity
statin group. As mentioned above, greater reduction in LDL-C
resulted in greater reduction in risk of MACE in meta-analyses
and randomized controlled trials. Second, percent LDL-C
reduction was greater in the high-intensity statin group than in
the non-high-intensity statin group. In a pooled individual
patient-level analysis of 3 large statin trials, Bangalore et al
have reported that, among patients with attained LDL-C
<70 mg/dL, those with percent LDL-C reduction of <50% had
a significantly higher risk of cardiovascular event when

compared with the group with percent LDL-C reduction of
>50%."” Greater percent LDL-C reduction in the high-intensity
statin group, compared with the non-high-intensity statin
group, might have partly explain difference in the risk of
MACEs. Third, however, observed benefit in the high-intensity
statin group was greater than expected benefit from the
difference in time-averaged LDL-C between the 2 groups,
when compared with previous data from meta-analyses.* This
finding suggests that observed benefit in the high-intensity
statin group could not be explained by only the lipid-lowering
effect of statins and might be, at least partly, attributable to a
non-lipid-mediated mechanism or pleotropic effects of statins.
Statins have been reported to have diverse protective effects
on the cardiovascular system: improvement of endothelial
dysfunction'®; modulation of inflammatory response and
thrombogenesis '’; and stabilization of plaque.?° In particular,
several trials demonstrated that pleotropic effects of statins
are more potent in high-intensity statins than in non-high-
intensity statin.?’ 2% In the present study, we investigated
follow-up hs-CRP to compare anti-inflammatory effects
between the 2 groups. Follow-up hs-CRP was significantly
lower and reduction from baseline hs-CRP was significantly
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greater in the high-intensity statin group than in the non-high-
intensity statin group, suggesting benefit from non-lipid-
lowering effects of high-intensity statins. Additionally, to find
an explanation for the extreme differences between the 2
groups, we compared the clinical outcomes between the high-
intensity statin group (n=618) and the non-high-intensity
statin group (n=3517) in all reviewed patients (n=4135),
including the patients who failed to achieve treatment target
for LDL-C. Unlike the results of the patients who achieved
LDL-C goal, incidence of the primary outcome was not
significantly different between the 2 groups (7.3% versus
10.0%; adjusted HR, 0.80; 95% CI, 0.55-1.16; P=0.24).
Although it is difficult for us to explain the exact causes, the
relatively small sample size, especially for the high-intensity
statin group, and nonrandomized nature of our study may
have resulted in the extreme differences between the 2
groups.

Limitations

Our study had several limitations. First, the study was a
nonrandomized, observational study. Statin intensity was
determined at the discretion of the attending physician and
might have been influenced by several factors such as
underlying demographics, clinical presentation at admission,
baseline lipid values, and physician’s preference. Although we
performed propensity-score—matched analysis and adjust-
ments to overcome the potential bias that can influence the
study outcome, unmeasured factors might have affected
study outcomes. Second, 3622 patients were excluded
because of lack of information on statin prescription and
LDL-C during follow-up, although 8148 patients were
screened at first. For this reason, a selection bias could have
influenced the study results. Third, patients’ compliance to
statin was not accurately evaluated. To evaluate the compli-
ance indirectly, we used information of medication prescribed
during follow-up after PCl. As shown in Table 3, statin
intensity at discharge after PCl was well maintained during
follow-up. Moreover, because we included only patients who
achieved treatment target for LDL-C, we believe most patients
might have a good compliance to statins. The main cause of
sudden drop of adherence to high-intensity statin at the
3 years of follow-up might be that some physicians reduced
the intensity of statin from high to moderate because LDL-C
level had been well maintained under the treatment target
during follow-up. Fourth, hs-CRP data were only available for
69.6% of the total population (1216 of 1746). Fifth, the
median follow-up duration of the high-intensity statin group
was shorter than that of the non-high-intensity statin group
(3.1 [1.4-4.9] versus 4.5 [2.5-5.0] years). To assess whether
difference in follow-up duration influenced the study outcome,
we truncated follow-up period to 3 years and re-evaluated the

clinical outcome. Incidence of primary outcome was signifi-
cantly lower in the high-intensity statin group than that of the
non-high-intensity statin group (2.4% versus 6.1%; adjusted
HR, 0.41; 95% Cl, 0.20-0.86; P=0.02). An adjusted HR of the
primary outcome obtained from 3-year follow-up data was
similar to that using 5-year follow-up data. Based on this
similarity, we could estimate that the difference in follow-up
duration between the 2 groups did not significantly affect the
clinical outcome. Last, Ml and stroke might be relatively
under-reported given that this was not a randomized,
controlled trial with rigorous follow-up. However, ratios of
Ml and stroke to cardiac death or all-cause death were
comparable to, or higher than, those of the randomized,
controlled trials?#?® conducted in Korea. Moreover, it was
highly unlikely that Ml and stroke were selectively under-
reported in the high-intensity statin group than in the non-
high-intensity statin group.

Conclusions

In patients who the achieved LDL-C target recommended by
the ESC/EAS guideline for secondary prevention after PCI,
patients treated with high-intensity statin had a significantly
lower incidence of MACE than those treated with non-high-
intensity statin. Our data suggest that high-intensity statins
should be considered even in patients achieving LDL-C target
with non-high-intensity statins.
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Table S1. Statins used in the non-high-intensity statin group.

All patients who  Patients who achieved

reviewed LDL-C target
(n=4135) (n=1746)
Non-high-intensity statins* (n=3517) (n=1374)
Moderate-intensity statins 3377 (96.0) 1359 (98.9)
Atorvastatin 10mg 1480 (42.1) 562 (40.9)
Rosuvastatin 10mg 754 (21.4) 386 (28.1)
Atorvastatin 20mg 446 (12.7) 219 (15.9)
Simvastatin 20mg 386 (11.0) 91 (6.6)
Pitavastatin 2mg 109 (3.1) 36 (2.6)
Fluvastatin XL 80mg 90 (2.6) 33(24)
Simvastatin 40mg 63 (1.8) 19 (1.4)
Pravastatin 40mg 49 (1.4) 13 (0.9)
Low-intensity statins 140 (4.0) 15 (1.1)
Pravastatin 10mg 120 (3.4) 12 (0.9)
Lovastatin 20mg 13 (0.4) 3(0.2)
Pravastatin 20mg 7(0.2) -

Values are n (%).
* Definition of statin intensity was based on the guideline from 2013 ACC/AHA guideline on
the treatment of blood cholesterol.

LDL-C = low-density lipoprotein cholesterol



Table S2. The number of patients under follow-up and without statin information.

Year of Total population Propensity-matched population
follow-up* High-intensity Non-high- High-intensity Non-high-
statin intensity statin statin intensity statin
(n=372) (n=1374) (n=367) (n=798)
Patients under follow-up 343 1331 338 765
1 year Lack in information on statin type and dose 40 198 40 116
Denominator in Table 3 303 1133 298 649
Patients under follow-up 241 1140 237 626
2 years  Lack in information on statin type and dose 47 264 47 140
Denominator in Table 3 194 876 190 486
Patients under follow-up 189 961 186 495
3years  Lack in information on statin type and dose 47 307 47 162
Denominator in Table 3 142 654 139 333

*The denominators of Table 3 were calculated by subtracting the number of patients without statin information from the patients under follow-

up at each year.



