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ABSTRACT

Objective: Data on the intensity of statin therapy for patients with acute myocardial 
infarction (MI) and very low baseline low-density lipoprotein (LDL) cholesterol level are 
lacking. We sought to assess the impact of statin intensity in patients with acute MI and LDL 
cholesterol <70 mg/dL.
Methods: A total of 1,086 patients with acute MI and baseline LDL cholesterol <70 mg/dL 
from the Korea Acute Myocardial Infarction Registry-National Institute of Health database 
were divided into less intensive statin (expected LDL reduction <40%, n=302) and more 
intensive statin (expected LDL reduction ≥40%, n=784) groups. The primary endpoint was 
major adverse cardiac and cerebrovascular events (MACCEs), a composite of cardiac death, 
MI, revascularization occurring at least 30 days after admission, and stroke, at 12 months.
Results: After 1:2 propensity matching, differences were not observed between less intensive 
(n=302) and more intensive statin (n=604) groups in incidence of cardiac death (0.3% vs. 0.3%) 
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and hemorrhagic stroke (0.3% vs. 0.5%, p=0.727) at 12 months. Compared with the less intensive 
statin group, the more intensive statin group showed lower target-vessel revascularization (4.6% 
vs. 1.8%, p=0.027) and MACCE (11.6% vs. 7.0%, p=0.021). Major bleeding was not different 
between less intensive and more intensive statin groups (1.0% vs. 2.6%, p=0.118).
Conclusion: More intensive statin therapy was associated with significantly lower major 
adverse cardiovascular events in patients with acute MI and very low LDL cholesterol 
compared with less intensive statin therapy.

Keywords: Cholesterol; Myocardial infarction; Statins

INTRODUCTION

The effectiveness of statin therapy in secondary prevention has been clearly demonstrated, 
and trials have shown the benefits of intensive statin therapy in patients with acute coronary 
syndrome (ACS).1,2 Therefore, all patients with ACS are recommended to receive high-
intensity statin therapy irrespective of baseline low-density lipoprotein (LDL) cholesterol 
level.3 The treatment goal is LDL cholesterol <70 mg/dL or at least 50% reduction in LDL 
cholesterol if the baseline level is 70–135 mg/dL.3 Statin therapy after ACS was also beneficial 
in patients with baseline LDL cholesterol level <70 mg/dL or even ≤50 mg/dL.4,5 However, 
for this ACS subset with very low LDL cholesterol level at presentation, data supporting a 
specific recommendation on the intensity of statin therapy are lacking. In the present study, 
we hypothesized that more intensive statin therapy would be beneficial in the patients with 
acute myocardial infarction (MI) even when the baseline LDL cholesterol level is very low. 
Therefore, we assessed the clinical effects of statin intensity in patients with acute MI and 
baseline LDL cholesterol <70 mg/dL using a large-scale, multi-center, nationwide, acute MI 
database in Korea.

MATERIALS AND METHODS

1. Study population and data collection
The study population was obtained from the Korea Acute Myocardial Infarction Registry-
National Institutes of Health (KAMIR-NIH) database between November 2011 and December 
2015. The KAMIR-NIH is a prospective, open, online, multi-center data collection registry 
from 20 tertiary university hospitals in Korea capable of percutaneous coronary intervention 
(PCI) and designed to capture real-world treatment practices and outcomes of patients with 
acute MI.6 Acute MI was diagnosed in the presence of an increase or decrease in cardiac 
biomarker value (troponin I/T or creatine kinase-MB with at least one value above the 99th 
percentile upper reference limit) and at least one of the following: symptoms of myocardial 
ischemia, changes on electrocardiogram (ECG) including new or presumed new significant 
ST-segment-T wave changes, new left bundle branch block or pathologic Q waves in two 
contiguous leads, and imaging evidence of new loss of viable myocardium or a new regional 
wall motion abnormality.7

We identified a total of 1,778 patients with acute MI and baseline LDL cholesterol <70 mg/dL. 
Patients who did not receive statin therapy, received lipid-lowering therapy other than statins, 
were lost to clinical follow-up, discontinued statin therapy, or whose statin doses were not 
available were excluded. The remaining 1,086 patients were included in the study and divided 
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into two groups based on intensity of statin therapy initiated at admission. Among the study 
patients, 75% received moderate-intensity statins, 23% received high-intensity, and 2% received 
low-intensity statins. Most of the high-intensity statins consisted of atorvastatin 40 mg (12%) 
or rosuvastatin 20 mg (10%) rather than the maximum doses of atorvastatin 80 mg (1%) or 
rosuvastatin 40 mg (0%, unavailable in Korea).8 To determine if intensity-dependent efficacy of 
statins occurred, the study population was divided into less intensive statin (n=302) and more 
intensive statin (n=784) groups. Less intensive statins were defined as those expected to reduce 
LDL cholesterol by approximately <40% and include the following daily doses: atorvastatin 10 
mg, pitavastatin 1–2 mg, simvastatin 20 mg, pravastatin 5–40 mg, and fluvastatin 20–80 mg. 
More intensive statins were defined as those lowering LDL cholesterol by approximately ≥ 40% 
and include daily doses of atorvastatin 20–80 mg, rosuvastatin 5–20 mg, pitavastatin 4 mg, and 
simvastatin 40 mg.8,9 The study flow diagram is shown in Fig. 1.

PCI was performed according to the standard guidelines.10 Patients received loading doses 
of aspirin (300 mg) and P2Y12 blocker (ticagrelor 180 mg, prasugrel 60 mg, or clopidogrel 
300–600 mg) before PCI. Selection of vessels treated, devices used, and adjunctive drugs 
administered to support PCI were performed by the treating physician. After PCI, patients 
received maintenance doses of either ticagrelor (90 mg twice daily), prasugrel (10 mg daily), 
or clopidogrel (75 mg daily) for at least 12 months. Aspirin was given at a dose of 100 mg daily 
indefinitely. The present study was conducted according to the Declaration of Helsinki. The 
Institutional Review Boards of all participating centers approved the study protocol. The 
approval number was CNUH-2011-172 of Chonnam National University Hospital. Written 
informed consent was obtained from all participating patients.

2. Clinical endpoints and definitions
The primary endpoint was major adverse cardiac and cerebrovascular event (MACCE) at 
12 months. MACCE was defined as a composite of cardiac death, nonfatal MI, coronary 
revascularization by PCI or coronary artery bypass graft (CABG) occurring at least 30 days 
after admission, and nonfatal stroke. The secondary endpoints were cardiac death, nonfatal 
MI, coronary revascularization either by PCI or CABG occurring at least 30 days after 
admission, stent thrombosis, nonfatal stroke, and Thrombolysis in Myocardial Infarction 
(TIMI) major bleeding event at 12 months.
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KAMIR-NIH (Nov 2011–Dec 2015)
n=13,104

Baseline LDL cholesterol <70 mg/dL 
n=1,778 No statin therapy (n=252)

Other lipid lowering agents (n=113)
Lost to follow-up (n=204)
Statin discontinuation (n=74)
Statin dose not available (n=49)Study population 

n=1,086

Less intensive statin
n=302

More intensive statin
n=784

Fig. 1. The study flow diagram of the patients. 
KAMIR-NIH, Korea Acute Myocardial Infarction Registry-National Institute of Health; LDL, low-density lipoprotein.



MI was defined as recurrence of symptoms or new ischemic ECG changes associated with 
an increase in cardiac biomarker level above the upper limit of normal in patients whose 
biomarker level had returned to normal or a ≥20% increase of the value if the initially 
elevated value was stable or decreasing.7 Target-lesion revascularization was defined 
as a repeat PCI in the same coronary segment as the index procedure. Target-vessel 
revascularization was defined as a repeat PCI in any segment within the major coronary 
vessel proximal and distal to the target lesion, including the target lesion itself. Stroke was 
defined as an acute episode of focal dysfunction of the brain, retina, or spinal cord lasting 
>24 hours or any duration if imaging or autopsy showed focal infarction or hemorrhage 
relevant to the symptoms.11 Stent thrombosis was defined according to the Academic 
Research Consortium definitions.12 Bleeding events were classified as major and minor 
according to TIMI scales.13

3. Statistical analysis
Continuous variables were expressed as mean±standard deviation and were compared 
between the two groups using Student's t-test when normally distributed; values were 
expressed as median (interquartile range) and compared using the Mann-Whitney U test 
when the data did not fit a normal distribution. Categorical variables were reported as 
numbers and percentages and were compared using the χ2 test or Fisher's exact test. Hazard 
ratio (HR) and 95% confidence interval (CI) were calculated for outcome variables using Cox 
regression analysis.

To adjust for the bias inherent to the decision of choosing less intensive vs. more intensive 
statin therapy, propensity scores were used.14 The propensity scores were estimated for 
the likelihood of receiving less intensive statin therapy using a multiple logistic regression 
model that contained the 51 covariates shown in Tables 1 and 2 (Supplementary Fig. 1). 
The C-statistic for the propensity model was 0.65, indicating fair ability to discriminate 
treatment groups. The Hosmer-Lemeshow goodness-of-fit test p-value was 0.16, confirming 
good calibration and fit of the multivariable model that estimated the propensity score. 
Matching was performed using a greedy matching protocol (1:2 nearest neighbor matching 
without replacement) with a caliper width of 0.2 of the standard deviation.15 We matched 
302 patients receiving less intensive statin therapy to 604 patients receiving more intensive 
statin therapy. Standardized differences were estimated for all covariates before and after 
matching to assess the balance between the less intensive and more intensive statin groups. 
After matching, none of the covariates showed a standardized difference exceeding 10% 
(Fig. 1), indicating all the measured covariates were well balanced between the matched 
groups.16 Differences between the matched pairs were evaluated using the paired t-test or 
the Wilcoxon signed rank test for continuous variables and McNemar's test for categorical 
variables. The risks of clinical endpoints in the matched cohort were compared using a 
Cox proportional hazards regression model stratified on matched pairs, including factors 
considered significant (p-value <0.1) using univariate analysis or clinically important in the 
multivariate model.

The impact of statin intensity on the primary endpoint was further assessed in the 
following multiple subgroups: age, sex, clinical diagnosis, Killip class, diabetes, stroke, 
estimated glomerular filtration rate, left ventricular ejection fraction, high-sensitivity 
C-reactive protein (hs-CRP), and Global Registry of Acute Coronary Events (GRACE) 
score.17 For subgroup analysis, the same propensity score matching process was repeated 
when both the score and subgroup variables were matched, forcing exact matches on the 
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subgroup characteristics. Conditional logistic regression was used to identify treatment-
subgroup interactions. Time-varying measurements of LDL cholesterol and hs-CRP were 
analyzed using the generalized estimating equation model. Treatment effects over time 
were estimated with time, group, and time-group interactions, and the baseline values 
were used as covariates in the generalized estimating equation model for accommodating 
missing values.

All p-values were two-tailed, with statistical significance set at a level of <0.05. Statistical 
analyses were conducted using SPSS version 21 (SPSS Inc., Chicago, IL, USA) and R version 
3.2.0 (R Foundation for Statistical Computing, Vienna, Austria).
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Table 1. Baseline clinical characteristics and laboratory findings
Characteristics All patients Propensity-matched patients

Less intensive statin 
(n=302)

More intensive statin 
(n=784)

p-value Less intensive statin 
(n=302)

More intensive statin 
(n=604)

p-value

Age (yr) 68.0±11.9 65.7±11.7 0.004 68.0±11.9 67.3±11.5 0.392
Males 210 (69.5) 613 (78.2) 0.003 210 (69.5) 446 (73.8) 0.172
Body mass index (kg/m2) 23.6±3.3 23.7±3.3 0.811 23.6±3.3 23.8±3.3 0.505
Smoking 156 (51.7) 449 (57.3) 0.095 156 (51.7) 324 (53.6) 0.572
Hypertension 215 (71.2) 483 (61.6) 0.003 215 (71.2) 414 (68.5) 0.415
Diabetes mellitus 143 (47.4) 342 (43.6) 0.268 143 (47.4) 277 (45.9) 0.672
Dyslipidemia 47 (15.6) 139 (17.7) 0.396 47 (15.6) 100 (16.6) 0.702
MI 59 (19.5) 130 (16.6) 0.250 59 (19.5) 109 (18.0) 0.586
Angina pectoris 64 (21.2) 153 (19.5) 0.536 64 (21.2) 125 (20.7) 0.862
Heart failure 11 (3.6) 15 (1.9) 0.095 11 (3.6) 15 (2.5) 0.325
Stroke 38 (12.6) 77 (9.8) 0.185 38 (12.6) 70 (11.6) 0.664

Ischemic stroke 34 (11.3) 71 (9.1) 0.271 34 (11.3) 64 (10.6) 0.762
Hemorrhagic stroke 5 (1.7) 7 (0.9) 0.331 5 (1.7) 7 (1.2) 0.760

Family history of CAD 10 (3.3) 40 (5.1) 0.207 10 (3.3) 20 (3.3) 1.000
Typical chest pain 248 (82.1) 679 (86.6) 0.061 248 (82.1) 511 (84.6) 0.339
Systolic blood pressure (mmHg) 127.2±29.3 127.8±30.6 0.799 127.2±29.3 127.2±31.1 0.981
Diastolic blood pressure (mmHg) 75.3±17.4 76.4±18.5 0.370 75.3±17.4 75.7±18.3 0.809
Heart rate (beats/min) 78.6±19.9 78.1±19.4 0.695 78.6±19.9 78.0±19.9 0.665
Killip class 0.145 0.276

I 228 (75.5) 624 (79.6) 228 (75.5) 474 (78.5)
II 30 (9.9) 52 (6.6) 30 (9.9) 41 (6.8)
III 25 (8.3) 49 (6.3) 25 (8.3) 42 (7.0)
IV 19 (6.3) 59 (7.5) 19 (6.3) 47 (7.8)

ST-segment elevation MI 122 (40.4) 361 (46.0) 0.093 122 (40.4) 254 (42.1) 0.634
ST-segment deviation 204 (67.5) 544 (69.4) 0.558 204 (67.5) 411 (68.0) 0.880
Second- or third-degree heart block 6 (2.0) 10 (1.3) 0.269 6 (2.0) 10 (1.7) 0.721
Ventricular tachycardia or fibrillation 3 (1.0) 9 (1.1) 0.561 3 (1.0) 6 (1.0) 1.000
Atrial fibrillation 21 (7.0) 54 (6.9) 0.969 21 (7.0) 42 (7.0) 1.000
White blood cell count (103/µL) 9.1 (7.2–11.8) 9.7 (7.3–12.1) 0.124 9.1 (7.2–11.8) 9.5 (7.1–12.0) 0.377
Hemoglobin (g/dL) 13.0 (11.4–14.6) 13.7 (11.9–14.9) 0.001 13.0 (11.4–14.6) 13.3 (11.6–14.6) 0.269
Creatinine (mg/dL) 0.9 (0.7–1.2) 0.9 (0.8–1.2) 0.663 0.9 (0.7–1.2) 0.9 (0.8–1.2) 0.564
Peak troponin I (ng/mL) 14 (2–34) 17 (3–36) 0.060 14 (2–34) 17 (3–32) 0.251
LVEF (%) 51.6±11.2 51.4±11.5 0.753 51.6±11.2 51.9±11.6 0.732
GRACE score 151 (129–178) 145 (122–173) 0.038 151 (129–178) 148 (126–176) 0.399
Total cholesterol (mg/dL) 119 (107–134) 121 (108–135) 0.518 119 (107–134) 120 (108–133) 0.981
Triglycerides (mg/dL) 79 (57–110) 86 (60–132) 0.052 79 (57–110) 83 (59–119) 0.277
LDL cholesterol (mg/dL) 59 (50–67) 60 (51–67) 0.741 59 (50–67) 59 (51–66) 0.941
HDL cholesterol (mg/dL) 40 (33–49) 40 (31–48) 0.428 40 (33–49) 40 (32–48) 0.782
hs-CRP (mg/L) 2.9 (2.5–3.0) 2.9 (2.8–3.0) 0.246 2.9 (2.5–3.0) 2.9 (2.8–3.4) 0.100
Values are number (%), mean±standard deviation, or median (interquartile range).
CAD, coronary artery disease; hs-CRP, high-sensitivity C-reactive protein; HDL, high-density lipoprotein; LDL, low-density lipoprotein; LVEF, left ventricular 
ejection fraction; MI, myocardial infarction; GRACE, Global Registry of Acute Coronary Events.



RESULTS

1. Patient characteristics
Baseline clinical, procedural characteristics, and treatment during hospitalization of the 
patients before and after propensity matching are shown in Tables 1 and 2. Overall, the 
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Table 2. Angiographic and procedural characteristics and medical treatment during hospitalization
Characteristics All patients Propensity-matched patients

Less intensive statin 
(n=302)

More intensive statin 
(n=784)

p-value Less intensive statin 
(n=302)

More intensive statin 
(n=604)

p-value

Coronary angiography 301 (99.7) 775 (98.9) 0.300 301 (99.7) 596 (98.7) 0.285
Infarct-related vessel 0.784 0.683

Left anterior descending artery 110 (36.4) 297 (37.9) 110 (36.4) 223 (36.9)
Left circumflex artery 44 (14.6) 117 (14.9) 44 (14.6) 89 (14.7)
Right coronary artery 100 (33.1) 272 (34.7) 100 (33.1) 204 (33.8)
Left main coronary artery 4 (1.3) 19 (2.4) 4 (1.3) 16 (2.6)

ACC/AHA lesion type 0.759 0.926
A 4 (1.3) 9 (1.1) 4 (1.3) 7 (1.2)
B1 33 (10.9) 76 (9.7) 33 (10.9) 61 (10.1)
B2 108 (35.8) 290 (37.0) 108 (35.8) 221 (36.6)
C 113 (37.4) 330 (42.1) 113 (37.4) 243 (40.2)

No. of diseased vessels 0.023 0.051
1-vessel disease 117 (38.7) 380 (48.5) 117 (38.7) 287 (47.5)
2-vessel disease 90 (29.8) 187 (23.9) 90 (29.8) 140 (23.2)
3-vessel disease 58 (19.2) 122 (15.6) 58 (19.2) 97 (16.1)
Left-main, isolated 0 5 (0.6) 0 4 (0.7)
Left-main, complex 16 (5.3) 48 (6.1) 16 (5.3) 40 (6.6)

Radial artery access 82 (27.2) 248 (31.6) 0.150 82 (27.2) 173 (28.6) 0.638
Glycoprotein IIb/IIIa inhibitor 36 (11.9) 116 (14.8) 0.221 36 (11.9) 75 (12.4) 0.830
PCI 258 (85.4) 702 (89.5) 0.058 258 (85.4) 532 (88.1) 0.261

Stenting 223 (73.8) 625 (79.7) 0.036 223 (73.8) 464 (76.8) 0.323
BMS 14 (4.6) 30 (3.8) 0.544 14 (4.6) 24 (4.0) 0.639
DES 209 (69.2) 595 (75.9) 0.042 209 (69.2) 440 (72.8) 0.347
Second-generation DES 198 (65.6) 568 (72.4) 0.026 198 (65.6) 416 (68.9) 0.315
Maximum stent diameter (mm) 3.00 (2.75–3.50) 3.00 (3.00–3.50) 0.723 3.00 (2.75–3.50) 3.00 (2.75–3.50) 0.924
Total stent length (mm) 24.0 (18.0–34.0) 26.0 (19.0–35.5) 0.340 24.0 (18.0–34.0) 24.0 (18.0–33.0) 0.894
No. of stents 1.17±0.43 1.18±0.43 0.822 1.17±0.43 1.17±0.42 0.794

Pre-PCI TIMI flow grade 0.357 0.525
0 99 (32.8) 282 (36.0) 99 (32.8) 198 (32.8)
1 28 (9.3) 58 (7.4) 28 (9.3) 46 (7.6)
2 41 (13.6) 137 (17.5) 41 (13.6) 104 (17.2)
3 90 (29.8) 228 (29.1) 90 (29.8) 184 (30.5)

Post-PCI TIMI flow grade 0.776 0.838
0 0 0 0 0
1 0 2 (0.3) 0 1 (0.2)
2 3 (1.0) 14 (1.8) 3 (1.0) 9 (1.5)
3 255 (84.4) 689 (87.9) 255 (84.4) 522 (86.4)

CABG 11 (3.6) 14 (1.8) 0.068 11 (3.6) 14 (2.3) 0.251
Medications during hospitalization

Aspirin 300 (99.3) 781 (99.6) 0.622 300 (99.3) 602 (99.7) 0.604
Clopidogrel 260 (86.1) 613 (78.2) 0.003 260 (86.1) 519 (85.9) 0.946
Ticagrelor 47 (15.6) 186 (23.7) 0.003 47 (15.6) 94 (15.6) 1.000
Prasugrel 28 (9.3) 105 (13.4) 0.063 28 (9.3) 64 (10.6) 0.534
Beta-blocker 260 (86.1) 647 (82.5) 0.156 260 (86.1) 517 (85.6) 0.840
ACE inhibitor or ARB 232 (76.8) 619 (79.0) 0.444 232 (76.8) 468 (77.5) 0.823
Oral anticoagulant 17 (5.6) 29 (3.7) 0.157 17 (5.6) 27 (4.5) 0.444

Values are number (%), mean±standard deviation or median (interquartile range).
ACC/AHA, American College of Cardiology/American Heart Association; ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blocker; BMS, bare-
metal stent; CABG, coronary artery bypass graft; DES, drug-eluting stent; PCI, percutaneous coronary intervention; TIMI, Thrombolysis in Myocardial Infarction.



patients in the less intensive statin group were older; more likely to be female; to have 
hypertension, lower hemoglobin level, higher GRACE score, and multivessel disease; and 
more often received clopidogrel. Patients in the more intensive statin group underwent 
stenting with drug-eluting stents and received ticagrelor more often than the patients in 
the less intensive statin group. In the 1:2 propensity-matched cohort (less intensive group, 
n=302, more intensive group, n=604), baseline characteristics were not statistically different 
between the two groups. Over 12 months of follow-up, 128 (11.8%) among the 1,086 
patients switched between intensive and more intensive statins: 30 patients (2.8%) from 
less intensive to more intensive statins and 98 patients (9.0%) from more intensive to less 
intensive statins.

2. Lipid profile and hs-CRP
At baseline, median levels of LDL cholesterol and hs-CRP were not different in the two 
groups (59 mg/dL and 2.9 mg/L, respectively) in the propensity-matched cohort (Table 1). 
At 12 months, median LDL cholesterol level was significantly lower in the more intensive 
compared with the less intensive statin group (61 mg/dL vs. 67 mg/dL, p=0.032; Fig. 2A). 
Median level of hs-CRP was reduced to 0.7 mg/L and 0.9 mg/L in the more intensive and 
less intensive statin groups, respectively (p=0.651, Fig. 2B). Median high-density lipoprotein 
(HDL) cholesterol level increased during follow-up from 40 mg/dL at baseline in each group 
to 44 mg/dL in the more intensive statin group and 41 mg/dL in the less intensive statin 
group (p=0.232).

3. Clinical outcomes
Unadjusted and adjusted clinical outcomes at 12 months before and after propensity 
score matching are shown in Table 3. The patients in the more intensive statin group had 
lower rates of coronary revascularization by PCI (7.3% vs. 4.1%, p=0.039); target-vessel 
revascularization (4.6% vs. 2.0%, p=0.029); cardiac death, MI, PCI, or CABG (8.6% vs. 5.0%, 
p=0.027); and MACCE (11.6% vs. 6.8%, p=0.010) compared with patients in the less intensive 
statin group. In the propensity-matched cohort, the more intensive statin group showed 
lower rates of target-lesion revascularization (3.3% vs. 1.2%, HR, 0.35; 95% CI, 0.13–0.91; 
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Fig. 2. Changes in levels of LDL cholesterol (A) and hs-CRP (B) from baseline to 12 months in the propensity-matched cohort. Median (interquartile range) values 
in the two groups. The p-values are for interaction effects between treatment group and time. 
hs-CRP, high-sensitivity C-reactive protein; LDL, low-density lipoprotein.



p=0.032); target-vessel revascularization (4.6% vs. 1.8%, HR, 0.41; 95% CI, 0.19–0.90; 
p=0.027); cardiac death, MI, or stroke (7.6% vs. 4.3%, HR, 0.55; 95% CI, 0.32–0.97; p=0.039); 
and MACCE (11.6% vs. 7.0%, HR, 0.59; 95% CI, 0.38–0.92; p=0.021; Table 3, Fig. 3).

Subgroup analysis in the propensity-matched cohort showed consistent treatment effects of 
more intensive vs. less intensive statin therapy for 12-month MACCE across all subgroups 
(Fig. 4). The beneficial treatment effects of more intensive statins were more pronounced in 
the subgroup of patients with higher baseline hs-CRP (>3 mg/L) than in patients with lower 
baseline hs-CRP (≤3 mg/L; p for interaction=0.03; Fig. 4).
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Table 3. Unadjusted and propensity-adjusted clinical outcomes at 12 months
Clinical outcomes All patients Propensity-matched patients

Less intensive 
statin (n=302)

More intensive 
statin (n=784)

Unadjusted HR 
(95% CI)

p-value Less intensive 
statin (n=302)

More intensive 
statin (n=604)

Adjusted HR  
(95% CI)

p-value

Cardiac death 1 (0.3) 2 (0.3) 0.89 (0.07–11.2) 0.926 1 (0.3) 2 (0.3) 1.01 (0.08–12.3) 0.994
MI 13 (4.3) 17 (2.2) 0.51 (0.25–1.04) 0.065 13 (4.3) 13 (2.2) 0.51 (0.24–1.10) 0.086
PCI 22 (7.3) 32 (4.1) 0.56 (0.33–0.97) 0.039 22 (7.3) 26 (4.3) 0.60 (0.34–1.06) 0.081

TLR 10 (3.3) 11 (1.4) 0.42 (0.18–0.98) 0.045 10 (3.3) 7 (1.2) 0.35 (0.13–0.91) 0.032
TVR 14 (4.6) 16 (2.0) 0.45 (0.22–0.92) 0.029 14 (4.6) 11 (1.8) 0.41 (0.19–0.90) 0.027
Non-TVR 8 (2.6) 16 (2.0) 0.76 (0.33–1.78) 0.531 8 (2.6) 15 (2.5) 0.93 (0.40–2.20) 0.876

CABG 1 (0.3) 0 - 0.278 1 (0.3) 0 - 0.333
Stroke 9 (3.0) 15 (1.9) 0.62 (0.27–1.43) 0.262 9 (3.0) 11 (1.8) 0.59 (0.24–1.42) 0.240

Ischemic stroke 9 (3.0) 14 (1.8) 0.58 (0.25–1.34) 0.204 9 (3.0) 10 (1.7) 0.53 (0.22–1.32) 0.173
Hemorrhagic stroke 1 (0.3) 4 (0.5) 1.52 (0.17–13.6) 0.706 1 (0.3) 3 (0.5) 1.50 (0.16–14.4) 0.727

Cardiac death or MI 14 (4.6) 19 (2.4) 0.54 (0.27–1.08) 0.082 14 (4.6) 15 (2.5) 0.55 (0.27–1.15) 0.114
Cardiac death, MI, PCI, or CABG 26 (8.6) 39 (5.0) 0.57 (0.35–0.94) 0.027 26 (8.6) 32 (5.3) 0.61 (0.37–1.03) 0.065
Cardiac death, MI, or stroke 23 (7.6) 34 (4.3) 0.56 (0.33–0.94) 0.030 23 (7.6) 26 (4.3) 0.55 (0.32–0.97) 0.039
Cardiac death, MI, PCI, CABG, or stroke 35 (11.6) 53 (6.8) 0.57 (0.37–0.87) 0.010 35 (11.6) 42 (7.0) 0.59 (0.38–0.92) 0.021
Stent thrombosis 1 (0.3) 4 (0.5) 1.54 (0.17–13.8) 0.698 1 (0.3) 2 (0.3) 1.00 (0.09–11.0) 0.999
TIMI major bleeding 3 (1.0) 20 (2.6) 2.57 (0.77–8.66) 0.127 3 (1.0) 16 (2.6) 2.68 (0.78–9.19) 0.118
Values are number (%) or median (interquartile range).
CABG, coronary artery bypass graft; CI, confidence interval; HR, hazard ratio; MI, myocardial infarction; PCI, percutaneous coronary intervention; TIMI, Thrombolysis 
in Myocardial Infarction; TLR, target-lesion revascularization; TVR, target-vessel revascularization.
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Fig. 3. Cumulative MACCE at 12 months with adjustment using propensity score matching. 
MACCE; major adverse cardiac and cerebrovascular event.



DISCUSSION

Results from the present study demonstrated that more intensive statin therapy was 
associated with significantly lower major adverse cardiovascular events in patients with acute 
MI and baseline LDL cholesterol <70 mg/dL compared with less intensive statin treatment. 
Patients receiving more intensive statins showed lower target-vessel revascularization and 
MACCE at 12 months without increased risk of hemorrhagic stroke or major bleeding. To the 
best of our knowledge, this is the first study in which the effectiveness of higher-intensity 
statins compared with lower-intensity statins was explored in ACS patients with very low 
LDL cholesterol at presentation. The results from the study suggest that more intensive statin 
treatment after ACS would be beneficial even for East Asians, known to have heightened 
response to statins and very low baseline LDL cholesterol level.

Data from randomized trials show that statin therapy in patients with ACS reduces the risk 
of cardiac mortality, recurrent MI, stroke, and coronary revascularization.1,2 Higher-risk 
patients benefited more from high-intensity statin therapy, as shown in the Pravastatin or 
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Subgroup Cumulative event rates (%)
 

HR (95% CI) p-value
Less intensive statin More intensive statin

Age 0.33
<75 yr 25/205 (12.2) 33/410 (8.0) 0.65 (0.38–1.09)
≥75 yr 10/97 (10.3) 8/192 (4.2) 0.37 (0.15–0.94)

Sex 0.06
Female 17/92 (18.5) 11/171 (6.4) 0.32 (0.15–0.68)
Male 18/210 (8.6) 29/420 (6.9) 0.81 (0.45–1.46)

Clinical diagnosis 0.59
ST-elevation MI 13/122 (10.7) 18/244 (7.4) 0.71 (0.35–1.45)
Non-ST-elevation MI 22/180 (12.2) 26/360 (7.2) 0.55 (0.31–0.98)

Killip class 0.82
I or II 32/258 (12.4) 39/516 (7.6) 0.59 (0.37–0.95)
III or IV 3/44 (6.8) 4/88 (4.5) 0.74 (0.17–3.33)

Diabetes 0.58
Yes 19/143 (13.3) 22/286 (7.7) 0.57 (0.31–1.06)
No 16/159 (10.1) 24/318 (7.5) 0.73 (0.39–1.38)

Stroke 0.51

Yes 5/38 (13.2) 8/76 (10.5) 0.87 (0.28–2.69)

No 30/264 (11.4) 35/528 (6.6) 0.56 (0.35–0.92)
eGFR 0.11

<60 mL/min/1.73 m2 12/84 (14.3) 9/168 (5.4) 0.36 (0.15–0.85)
≥60 mL/min/1.73 m2 23/218 (10.6) 36/436 (8.3) 0.79 (0.47–1.33)

LVEF 0.70
<40% 5/45 (11.1) 7/90 (7.8) 0.74 (0.24–2.35)
≥40% 30/257 (11.7) 35/514 (6.8) 0.57 (0.35–0.93)

hs-CRP 0.03
≤3 mg/L 22/237 (9.3) 35/474 (7.4) 0.79 (0.47–1.36)
>3 mg/L 13/65 (20.0) 7/130 (5.4) 0.24 (0.10–0.61)

GRACE score 0.27
0–140 11/122 (9.0) 18/244 (7.4) 0.81 (0.38–1.71)
>140 24/180 (13.3) 23/360 (6.4) 0.48 (0.27–0.85)

Overall 35/302 (11.6) 42/604 (7.0) 0.59 (0.38–0.92) 0.02

 

0.1

More intensive statin
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Less intensive statin
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510.50.2 2

Fig. 4. Subgroup analysis for MACCE at 12 months in the propensity-matched cohort. 
CI, confidence interval; hs-CRP, high-sensitivity C-reactive protein; eGFR, estimated glomerular filtration rate; HR, hazard ratio; LVEF, left ventricular ejection 
fraction; MACCE, major adverse cardiac and cerebrovascular event; MI, myocardial infarction; GRACE, Global Registry of Acute Coronary Event.



Atorvastatin Evaluation and Infection Therapy-Thrombolysis In Myocardial Infarction 22 
(PROVE IT-TIMI 22)1 and Myocardial Ischemia Reduction With Acute Cholesterol Lowering 
(MIRACL) trials,2 than from moderate- or low-intensity statin therapy. Nevertheless, high-
intensity statin therapy has not been extensively utilized in East Asians,18-20 possibly due to 
the lack of randomized trials in this population and a concern for the safety and tolerability 
of high-intensity statins because Asian patients frequently have heightened response to 
therapeutic drugs.21 In retrospective studies involving Korean patients with acute MI, the 
majority of patients received low-to-moderate intensity statins, and clinical outcomes 
were similar at 12 months between patients receiving high-intensity statins and low-to-
moderate intensity statins.19,20 However, in the recent Randomized Evaluation of Aggressive 
or Moderate Lipid Lowering Therapy With Pitavastatin in Coronary Artery Disease (REAL-
CAD) study of Japanese patients with stable coronary artery disease, high-dose pitavastatin 
significantly reduced the risk of cardiovascular death, nonfatal MI, nonfatal ischemic stroke, 
and unstable angina compared with low-dose pitavastatin, without difference in the risk 
of adverse side effects,22 confirming the benefit of higher intensity statins for reducing 
cardiovascular events in high-risk East Asian patients.

Currently, initiating high-intensity statin therapy early after admission is recommended for 
all patients with ACS, the treatment goal being LDL cholesterol <70 mg/dL or at least 50% 
reduction of LDL cholesterol if the baseline level is between 70 and 135 mg/dL.3 However, for 
patients with very low baseline LDL cholesterol level, the safety and effectiveness of intensive 
statin therapy are not well established. The statin efficacy in ACS patients with very low LDL 
cholesterol has been evaluated in only a few observational studies.4,5,23 Lee et al.4 and Piao et al.5 
investigated the clinical outcomes of statin therapy in patients with acute MI whose baseline 
LDL cholesterol level was <70 mg/dL and ≤50 mg/dL, respectively, and found that statin therapy 
was associated with significant reduction in major adverse cardiac events at 12 months (14.5% 
vs. 20.4%, p=0.014 and 11.8% vs. 19.3%, p=0.025, respectively). Tsai et al.23 evaluated the 
effects of statin therapy in patients with ACS whose LDL cholesterol level was ≤80 mg/dL. The 
incidence of death, reinfarction, or stroke at six months was significantly lower with statin 
therapy (29.0% vs. 9.5%, p=0.005). The results from these studies consistently demonstrated 
that statin therapy resulted in more favorable clinical outcomes in ACS patients with lower LDL 
cholesterol level compared with those receiving no statin treatment, suggesting that patients 
with very low LDL cholesterol would still benefit from statin treatment post-ACS.

However, studies comparing the intensity of statins in ACS patients with very low LDL 
cholesterol at presentation are currently not available, although evidence indicates the safety 
and efficacy of very low LDL cholesterol in high-risk patients.24 In this regard, the results 
from the present study showed that dose-dependent efficacy of statins after ACS, even in 
patients with baseline LDL cholesterol <70 mg/dL, has important clinical implications, 
providing evidence in favor of more intensive statin therapy for this patient population. 
Concerns have been raised over the potential association between very low LDL cholesterol 
level and increased risk of hemorrhagic stroke, partially offsetting the overall benefit of 
high-intensity statin therapy.25 However, data from the randomized Improved Reduction of 
Outcomes: Vytorin Efficacy International Trial (IMPROVE-IT)26 and Further Cardiovascular 
Outcomes Research with PCSK9 Inhibition in Subjects with Elevated Risk (FOURIER)27 
trials showed that patients achieving extremely low LDL cholesterol level with intensive lipid 
lowering had no increase in hemorrhagic stroke. Consistent with findings from these trials, 
more intensive statin therapy did not increase the risk of hemorrhagic stroke in ACS patients 
with very low LDL cholesterol in the present study.
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Despite the unequivocal benefits of statin therapy in reducing cardiovascular events, statins 
are underutilized in high-risk patients, especially those with lower LDL cholesterol level.28 
In addition, most patients in clinical practice do not achieve an LDL cholesterol goal of <70 
mg/dL, even when on high-intensity statins,29 warranting further LDL cholesterol lowering 
with addition of either ezetimibe or a PCSK9 inhibitor based on the results of IMPROVE-
IT26 and FOURIER27 trials. Similarly, the present study results indicate the challenge of 
further reduction of LDL cholesterol with statin therapy alone in patients with very low LDL 
cholesterol at presentation. Several explanations are plausible for these findings, including 
an insufficient duration of follow-up, or that many higher-risk patients, as indicated by 
higher GRACE score, received less intensive statin therapy in the overall population. This 
demonstrates the difficulty of more significant risk reduction as well as LDL cholesterol 
lowering with more intensive statin therapy, although an adjustment was made using 
propensity score analysis. In addition, the treating physician might not have been aggressive 
in further reducing LDL cholesterol by increasing statin intensity in higher risk patients 
with very low LDL cholesterol due to safety concerns and insufficient clinical data in this 
patient subset, leading to higher risk patients more often receiving less intensive statins. 
Despite the less pronounced LDL cholesterol reduction, the clinical benefit conferred by 
more intensive statin therapy in the present study may involve mechanisms other than LDL 
cholesterol lowering, referred to as pleiotropic effects, which include attenuation of vascular 
inflammation, improved endothelial cell function, stabilization of atherosclerotic plaques, 
and inhibition of thrombogenic response.30

The present study had several limitations. First, although these results were derived from 
a large cohort, and adjustment was made using propensity score analysis for confounding 
variables, unmeasured factors may still exist. Higher-risk patients more often received 
less intensive statin therapy in the overall population. Although this discrepancy was not 
observed after propensity matching, the potential role of unmeasured residual confounding 
factors cannot be ruled out. Second, specific information regarding adherence or intolerance 
to statin therapy and why specific patients switched between more intensive statins and 
less intensive statins during follow-up were not available from the registry database. Third, 
the number of patients in each group who underwent follow-up measurements of LDL 
cholesterol and hs-CRP at 12 months was relatively small.

In conclusion, the results from this large, real-world study with propensity score analysis 
showed that more intensive statin treatment for patients with acute MI and very low 
LDL cholesterol significantly reduced major adverse cardiovascular events at 12 months 
compared with less intensive statin therapy. The results from this study support that more 
intensive statin treatment after ACS would be beneficial even for East Asians, known to have 
heightened response to statins.

SUPPLEMENTARY MATERIAL

Supplementary Fig. 1
Absolute standardized differences in baseline covariates before and after propensity score 
matching.

Click here to view
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