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Abstract

Objective: The aim of this study was to investigate statin description on discharge and the ben-

efit on the long-term outcomes in acute coronary syndromes (ACS) patients with very low base-

line LDL-cholesterol (LDL-c).

Methods: This is a post-hoc analysis of 3374 ACS patients who were discharged alive and had

baseline LDL-c levels below 70 mg/dL (1.8 mmol/L). The propensity score of using statin was

estimated with a multivariable Logistic model including patient's demography, social economic

status, cardiovascular risk factors, subtype of the diagnosis, and treatments received during hos-

pitalization and current LDL-c level. The risk of major adverse cardiovascular events (MACEs)

was compared between patients received and not-received statin with Cox-regression models

adjusting for the propensity score plus other factors. A sensitivity analysis was done in propen-

sity score matched patients.

Results: Compared with nonstatin group, the incidence of MACE at 12 months after discharge

was lower in the statin group (11.1% vs 5.8%; P < 0.001). The propensity score plus other

factors-adjusted hazard ratios for MACEs was significant (0.58; 95% CI: 0.39, 0.87). The effect

showed a significant dose-response relationship (P for trend = 0.02). The results in analyses with

propensity-score matched participants were in consistent with above findings. Analyses on total

mortality in 12 months showed similar results.

Conclusions: Among ACS survivors with a very low baseline LDL-c, low to moderate intensity

statin therapy was associated significantly with lower risk of MACEs and total mortality at

12 months. The results suggested that ACS survivors should take statin regardless of the base-

line of LDL-c.
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1 | INTRODUCTION

Acute coronary syndromes (ACS) are the most serious manifestation

of ischemic heart diseases, which is the leading cause of death
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worldwide.1,2 Statins, as LDL-cholesterol (LDL-c) lowering medication

have been recommended to reduce the subsequent risk of events and

mortality in ACS patients,2–6 with a suggested target LDL-c level of

below 70 mg/dL.7–9 The most updated American College of Cardiol-

ogy guidelines further recommended the use of high-intensity statins

among all ACS patients, regardless LDL-c level at baseline.10

However, the benefits from statin therapy that may be derived

for ACS patients with initial LDL-c levels below 70 mg/dL remains

controversial.11–14 Moreover, low to moderate intensity statin therapy

is quite common in clinical practice in Asian countries, and whether

low-moderate intensity statin therapy is beneficial for ACS patients

with very low LDL-c is unclear.11–14 LDL-c levels are much lower in

Chinese compared to western population,15 with 9.6% of patients

with acute myocardial infarction (MI) having LDL-c < 70 mg/dL in one

study.16

We used data from two large prospective registry-based trials in

China to investigate whether statin therapy could be beneficial to pre-

viously statin-naïve patients ACS with baseline LDL-c levels below

70 mg/dL. In addition, we explored the extent to which the intensity

of statin therapy modified any treatment effect.

2 | METHODS

2.1 | Study population

Clinical Pathways for Acute Coronary Syndromes in China Phase

2 (CPACS-2) and Phase 3 (CAPSC-3) were conducted from 2007 to

2010, and from 2011 to 2014. The designs of these studies have been

published elsewhere.17,18 In brief, these were registry-based cluster-

randomized trials to evaluate the effect of quality of care improve-

ment interventions in improving key performance indictors or major

cardiovascular events among ACS patients in 75 and 104 Chinese

hospitals, respectively. Both studies had similar inclusion and exclu-

sion criteria. Basically, all consecutive patients aged 18 years or older

with a final diagnosis of ACS at the time of death or discharge were

recruited prospectively in the participating hospitals. Patients were

excluded if they were dead on arrival or died within 10 minutes of

arriving at hospital. Surviving patients were followed up at 6 months

and 12 months after discharge by clinic visit or telephone. Data were

collected for each patient using standardized case report forms by

trained staff.

In the present study, we included only patients who had baseline

LDL-c levels below 70 mg/dL, had not used statins prior to hospitali-

zation, survived for at least 1 week after discharge, and were followed

up at least once (at 6 and/or 12 months). There was a total of 3374

patients meeting all these criteria for our analyses (Figure 1).

2.2 | Trial registration

CPACS2 was registered on URL: http://www.anzctr.org.au/default.

aspx and unique identifier is ACTRN12609000491268. CPACS3 was

registered on www.clinicaltrails.gov, and the registration number is

NCT01398228.

2.3 | Ethical considerations

CPACS-2 and -3 studies were conducted in accordance with the Dec-

laration of Helsinki and good clinical practice guidelines. The Ethics

Committee at Fuwai Hospital and Peking University IRB approved the

studies. A written informed consent was acquired from all partici-

pants. Patient data in the data management system were protected by

password and only available to users designated by the study with

appropriate authorization levels. De-identified data were used for data

analysis.

2.4 | Clinical characteristics

Data collected during hospitalization included sociodemographic char-

acteristics, medical history, type of ACS diagnosis, and signs of the

severity of ACS at admission. The plasma lipid profile including total

cholesterol (TC), LDL-c, triglyceride (TG), and high density lipoprotien

cholesterol (HDL-c) and assays conducted at local laboratories, were

also collected. Estimated glomerular filtration rate (eGRF) was calcu-

lated using MDRD equitation.19 The blood was withdrawn at admis-

sion. The prescription of all evidence-based secondary prevention

medications at discharge were recorded, including statins, antiplatelet

medications, β-blockers, angiotensin-converting enzyme inhibitors,

angiotensin receptor blockers, nitrates, and calcium antagonist.

2.5 | Statin dose

For our analysis, the dosage of different statins was converted to the

equivalent dosage of atorvastatin according to Chinese Guidelines on

Prevention and Treatment of Dyslipidemia in Adults in 200720

(Table S1, Supporting information). Then we classified the dosage of

statin into: 5, 10, 20 and ≥ 40 mg/d when we analyzed the distribu-

tion. In order to increase statistic power, we combined some dose

groups and classified into: 5 or 10, and ≥ 20 mg/d when we analyzed

the dose-dependent effects.

2.6 | Clinical outcomes

The primary outcome was the first occurrence of major adverse car-

diovascular events (MACE) including all-cause death, nonfatal MI, and

nonfatal stroke within 12 months of discharge. We also collected

events of hospitalization for revascularization during follow-up. The

definitions of nonfatal MI and nonfatal stroke have been described

before.17 Nonfatal MI included recurrent MI for the patients hospital-

ized for MI, which defined by dynamic changes of myocardial injury

biomarkers. The potential cardiovascular endpoint events were

reviewed and adjudicated by an independent cardiovascular endpoint

adjudication committee, which was masked to treatment allocation in

CPACS-3 study.

2.7 | Statistical analyses

For descriptive purpose, means or medians were calculated to pre-

sent continuous variables depending on sample distribution and

were compared by t-tests or appropriate nonparametric tests

between statin prescribed and not prescribed groups. Categorical
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variables were presented as numbers or percentages and differences

between groups were tested by Pearson χ
2 analysis. Cox propor-

tional hazards regression were fitted to calculate hazard ratios

(HR) and corresponding 95% confidence intervals (CI) of MACEs in

12 months after discharge, in unadjusted model, propensity score of

statin prescription-adjusted model and multivariable models that

accounted for other treatments during hospitalization (such as car-

diorespiratory resuscitation, thrombolysis and PCI/CABG, aspirin,

clopidogrel, beta-blocker, angiotensin converting enzyme inhibitor/

angiotensin receptor blocker, nitrate esters, and calcium antagonist)

as well as the other medical treatments prescribed at discharge

(aspirin, clopidogrel, beta-blocker, angiotensin converting enzyme

inhibitor/angiotensin receptor blocker, nitrate esters, and calcium

antagonist), in addition to the propensity score.

We used multivariable logistic regression to fit the model of the

propensity score of prescribing statin at discharge with variables that

are often considered by cardiologists at the time of prescribing statins

to the patients with ACS, including the level of hospital that the

patient admitted and the patient's demography (sex and age), social

economic status (education and profession), presence of cardiovascu-

lar risk factors (dyslipidemia, smoking, diabetes, and history of

myocardial infarction, angina, or stroke), subtype of the diagnosis

(STEMI, NSTEMI, or UA), and revascularization treatments the patient

received during hospitalization (thrombolysis and PCI/CABG) as well

as the patient's current LDL-c level.

In order to explore the dose-response effect of statins on out-

comes, all above Cox models were re-constructed for the subgroup

analyses of patient groups by different dosages of statin as compared

with the nonstatin group.

Subgroup analyses were also performed with the Cox models in

populations defined by age (< or ≥ 65 years), sex, type of ACS, pres-

ence of hypertension or, diabetes at baseline, smoking level, hospital

type, baseline LDL-c level, eGFR, and coronary revascularization dur-

ing hospital admission.

To ensure the completeness of adjustment for possible con-

founders, we repeated out main analyses only among those propen-

sity score plus other medicines matched participants (ratio of statin to

nonstatin users = 2:1, including 386 statin users, and 208 nonstatin

users) (Figure 1).

All P values were two sided, and values <0.05 were considered

statistically significant. All analyses were performed using SAS 9.4

(SAS Institute Inc, Cary, North Carolina).

Patients with LDL-c<70mg/dL

n=6128

Overall baseline, n=44092

Patients were followed-up

n=4846

153 was dead during hospitalization;

150 without information on statin;

979 using statin before hospitalization;

5765 without baseline LDL-c

32199 with LDL-c>=70mg/dL

CPACS-2 in 2007-2009

N=15138
CPACS-3 in 2010-2014

N=28954

Final analyzed patients

n=3374

Statin group, n=2879

1435 were lost to follow-up;     

37 died in the first week after discharge 

Non-statin group, n=495

Statin group, n=386 Statin group, n=208

Select those statin-propensity-
score and other medicines 

matched participants according 
to ratio of 2:1

FIGURE 1 Flow chart of study participants
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3 | RESULTS

3.1 | Baseline characteristics

The baseline characteristics of the study population are presented in

Table 1. The proportion of patients diagnosed as STEMI, NSTEMI, and

UA was 34.53%, 13.16%, and 52.31%. The statin prescription rate

was 85% (2879/3374) in the study patients with LDL-c < 70 mg/dL

measured at admission. At baseline, the mean LDL-c was 55.61 mg/

dL in statin group and 54.77 mg/dL in nonstatin group. Those pre-

scribed statins at hospital discharge were more likely to be men,

smokers, have a higher educational level and to have been treated at

tertiary level hospitals. They were more likely to have been diagnosed

with STEMI and received percutaneous coronary intervention (PCI) or

coronary artery bypass grafting (CABG). The level of LDL-c, triglycer-

ides, non-HDL-c, and eGFR were all greater at baseline in the statin

group. At discharge, more patients in statin group were prescribed

other cardioprotective drugs, compared to those who were not dis-

charged with a statin.

3.2 | Statins prescription at discharge and dosing

The predominant dose used was the dose of 20 mg/d atorvastatin or

equivalent. Less than 3% of the patients were given a dose of

≥40 mg/d atorvastatin or equivalent. Patients in tertiary hospitals

were more likely to be prescribed a higher dose than their counter-

parts in level 2 hospitals.

3.3 | Prescription of statin at discharge and MACEs

in 12 months of follow-up

At 12 months after discharge, the risk of MACEs was significantly

lower in the statin group than in nonstatin group. Both all-cause mor-

tality and cardiac death were also significantly lower in statin group

(Table 2). The propensity score adjusted plus other factors-adjusted

hazard ratios for MACEs was still significant (0.58; 95%CI: 0.39, 0.87)

(Table 2).

Compared with nonstatin group, the propensity-score-plus-other-

factors-adjusted hazard ratio for MACEs was 0.61 (95%CI, 0.40-0.94)

for those using 5 to 10 mg/d atorvastatin equivalent dose and 0.53

(0.34-0.83) for those using ≥ 20 mg atorvastatin equivalent dose. The

P value for trend was statistically significant (P = 0.02) (Figure 2). A

similar trend was observed for total death (P < 0.001).

3.4 | Subgroup analysis

All associations were consistent in subgroups defined according to

baseline characteristics including the subtypes of ACS (Figure 3).

3.5 | Baseline and MACEs in propensity-score

matched participants

Among these propensity-score matched participants, all of baseline

characteristics were not significantly different between statin and

nonstatin group (Table 1). The risk of MACEs was also significantly

lower in the statin group than in nonstatin group after adjusted by

other risk factors (0.44, 95%CI, 0.22-0.89). The results were very simi-

lar to our main analyses regarding to total death and cardiac death

(Table 2, Figure 2 and Figure S1).

4 | DISCUSSION

In this large registry-based Chinese ACS cohort with LDL-c < 70 mg/

dL (1.8 mmol/L) (mean 55 mg/dL [1.5 mmol/L]) at baseline, low-to-

moderate intensity statin therapy was significantly associated with

lower risk of MACEs and all-cause mortality at 12 months following

discharge. This finding supports the current guidelines recommending

statin therapy for all ACS patients regardless of baseline LDL-c level.

In addition, our finding indicates that ACS patients with very low LDL-

c level could benefit from statins with a dose as low as 5 to 10 mg/d

atorvastatin equivalent, but the trend analysis clearly indicates that a

higher dose would reduce the risk of MACE further.

Previous studies have shown that ACS patients with very low

LDL-c are common in Asian countries.17 In our study, about 16% had

LDL-c less than 70 mg/dL. Thus, how to treat this group of patients

with statins bears clinical importance in Asian populations. A study in

1054 Korean AMI patients with baseline LDL-c level below 70 mg/dL

similarly showed that stain prescription at discharge was associated

with a lower risk of cardiac death (HR: 0.47; 95% CI: 0.23 to 0.93) and

coronary revascularization at 1 year.15

Data from randomized clinical trials relating to use of statin ther-

apy among individuals with very low initial LDC-c levels are generally

lacking. The Pravastatin or Atorvastatin Evaluation and Infection

Therapy-Thrombolysis in Myocardial Infarction 22 (PROVE IT-TIMI

22) study11 suggested that more intensive LDL-c cholesterol lowering

with atorvastatin 80 mg compared with pravastatin 40 mg was not

beneficial among those patients in the lowest quartile of baseline

LDL-c (≤92 mg/dL). However, the size of this subgroup was small, lim-

iting the ability to draw reliable conclusions.

In the pivotal trials comparing statins with placebo for secondary

prevention, HPS study showed no significant differences in reduction

of the risk of major vascular events among the subgroups of baseline

LDL-c but cut off for the lowest group was <116 mg/dL, far above 70

mg/dL.21 The CTT meta-analysis of data from 170 000 participants

showed the RR of about 25% per 34 mmol/L further reduction in

LDL-c is independent on the baseline LDL-c, but the proportions of

the patients with LDL-c less than 70 mmol/L were very small in that

study.22 In contrast, CARE study showed significant interaction

between baseline level of LDL-c and the level of risk reduction where

the lower the value of baseline LDL-c the smaller the reduction in

risk.23 Nevertheless, the patients with lower level of LDL-c in CARE

study were very few too. The evidences from clinical trials comparing

stain and placebo among individuals with very low initial LDL-c levels

were also lacking. It is still unclear which dosage should be used in

these ACS patients with extremely low initial LDL-c levels. The signifi-

cant dose-response trend observed in our study indicates that more

vs less intensive statin therapy may result in even greater benefits

among such individuals.

In our study, the estimated mean LDL-c level is much lower than

the target endorsed by several guidelines.9,10,20 In the IMPROVE-IT
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trial, the addition of ezetimibe to background moderate intensity

statin (simvastatin 40 mg) reduced cardiovascular events by 6.4% over

an average of 6 years in patients post ACS, with consistent benefit

even among patients in the lowest quartile of baseline LDL-c

(<64 mg/dL).24 The emerging of PCSK9 inhibitors provide an opportu-

nity to reduce the LDL-c to extremely low level.25 In the FORURIER

study, evolocumab treatment significantly reduced the risk of the

primary end point by 15% and the benefit were consistent regardless

of whether the baseline LDL-c was <70 or > 70 mg/dL. Our data,

therefore support the concept of the lower the LDL-c, the better the

CV outcomes.26

We did not find any significant heterogeneity in the associations

in relation to any other patient subgroup. In particular, the associa-

tions did not differ between patients with lower (<58 mg/dL) and

TABLE 1 Baseline characteristics

Variables

Analyzed participants Propensity-score matched participants

Statin group
(n = 2879)

Nonstatin group
(n = 495) P value

Statin group
(n = 386)

Nonstatin group
(n = 208) P value

Propensity score of statin 0.86 (0.06) 0.82 (0.06) <0.001 0.85 (0.06) 0.85 (0.06) 0.524

Male, n (%) 2123 (73.74) 313 (63.23) <0.001 255 (66.06) 140 (67.31) 0.759

Age, years, mean (STD) 63.95 (11.51) 64.35 (12.36) 0.427 64.21 (11.64) 65.67 (12.16) 0.138

High school or higher education, n (%) 657 (22.82) 82 (16.57) 0.002 81 (20.98) 43 (20.67) 0.929

Tertiary hospital, n (%) 802 (27.86) 61 (12.32) <0.001 82 (21.24) 47 (22.60) 0.703

Medical insurance, n (%) 2219 (77.08) 365 (73.74) 0.105 303 (78.50) 161 (77.40) 0.758

Smoking, n (%) 888 (30.84) 115 (23.23) 0.001 88 (22.80) 50 (24.04) 0.733

Type of ACS, n (%) 0.002

STEMI 1027 (35.67) 138 (27.88) 109 (28.24) 50 (24.04) 0.519

NSTEMI 378 (13.13) 66 (13.33) 47 (12.18) 25 (12.02)

Unstable angina 1474 (51.20) 291 (58.79) 230 (59.59) 133 (63.94)

History of disease, n (%)

Dyslipidemia 139 (4.83) 19 (3.84) 0.336 18 (4.66) 12 (5.77) 0.557

Hypertension 1466 (50.92) 262 (52.93) 0.409 212 (54.92) 116 (55.77) 0.843

Diabetes mellitus 461 (16.01) 80 (16.16) 0.933 66 (17.10) 30 (14.42) 0.398

MI 259 (9.00) 47 (9.49) 0.721 34 (8.81) 22 (10.58) 0.482

Angina 779 (27.06) 143 (28.89) 0.398 117 (30.31) 75 (36.06) 0.153

Heart failure 100 (3.47) 26 (5.25) 0.054 21 (5.44) 16 (7.69) 0.279

Stroke 235 (8.16) 44 (8.89) 0.588 30 (7.77) 20 (9.62) 0.440

Family history of premature CHD, n (%) 74 (2.57) 8 (1.62) 0.203 17 (4.40) 5 (2.40) 0.218

Disease severity at presentation, n (%)

SBP < 90 mmHg 65 (2.28) 9 (1.82) 0.526 6 (1.56) 3 (1.44) 0.912

Killip class ≥ III 208 (7.22) 40 (8.08) 0.500 31 (8.03) 16 (7.69) 0.884

Heart rate ≥ 100 299 (10.39) 70 (14.14) 0.024 52 (13.47) 29 (13.94) 0.577

Continuous ECG monitoring 1971 (68.46) 292 (58.99) <0.001 225 (58.29) 122 (58.65) 0.932

Symptom to admission time (h) 102 (226) 107 (227) 0.401 132.01 (256.71) 125.91 (247.82) 0.782

Total cholesterol, mg/dL 132.10 (34.69) 129.26 (36.31) 0.008 132.55 (43.08) 132.54 (37.67) 0.741

LDL-c, mg/dL 55.61 (12.09) 54.77 (11.31) 0.012 54.86 (11.93) 55.02 (11.02) 0.733

HDL-c, mg/dL 44.03 (17.56) 43.19 (15.31) 0.671 43.79 (16.47) 43.73 (15.88) 0.773

Triglycerides, mg/dL 149.89 (150.92) 135.09 (125.35) 0.004 156.50 (158.70) 150.75 (143.95) 0.428

Non-HDL-c, mg/dL 88.02 (33.85) 86.37 (33.92) 0.035 88.74 (43.07) 89.30 (37.14) 0.577

eGFR, mL/min/1.73 m2 105.48 (33.67) 101.38 (37.41) 0.008 103.90 (33.86) 99.40 (35.58) 0.101

PCI/ CABG, n (%) 631 (21.92) 40 (8.08) <0.001 68 (17.62) 36 (17.31) 0.925

Thrombolysis 315 (10.94) 34 (6.87) 0.006 24 (6.22) 13 (6.25) 0.988

Medications at discharge, n (%)

Aspirin 2771 (96.25) 252 (50.91) <0.001 370 (95.85) 194 (93.27) 0.170

Clopidogrel 2215 (76.94) 132 (26.67) <0.001 212 (54.92) 107 (51.44) 0.417

Beta-blocker 2046 (71.07) 172 (34.75) <0.001 250 (64.77) 130 (62.50) 0.583

Nitrates 1993 (69.23) 191 (38.59) <0.001 255 (66.06) 137 (65.87) 0.961

Calcium antagonist 602 (20.91) 80 (16.16) 0.015 97 (25.13) 54 (25.96) 0.824

Abbreviations: ACS, acute coronary syndrome; CHD, coronary heart disease; CABG, coronary artery bypass graft; eGFR, estimated glomerular filtration
rate; HDL-c, high density lipoprotein-cholesterol; HF, heart failure; LDL-c, low density lipoprotein-cholesterol; MI, myocardial infarction; NSTEMI, non-ST

elevation myocardial infarction; PCI, percutaneous coronary intervention; STEMI, ST elevation myocardial infarction.
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TABLE 2 MACEs at 6 and 12 months according to statin prescription at discharge

Participants
Outcome
variables

Statin group
(n = 2879)

Nonstatin group
(n = 495) P value

Unadjusted
HR (95%CI)

Propensity-score-
adjusted HRa

Propensity score plus
others adjusted HRb

All MACEs 168 (5.84) 55 (11.11) <0.001 0.51 (0.38,0.7) 0.56 (0.41,0.77) 0.58 (0.39,0.87)

Total death 125 (4.34) 47 (9.49) <0.001 0.45 (0.32,0.62) 0.53 (0.37,0.74) 0.49 (0.31,0.75)

Cardiac death 55 (1.91) 17 (3.43) 0.030 0.57 (0.32,0.99) 0.63 (0.36,1.12) 0.55 (0.26,1.15)

Nonfatal MI/stroke 43 (1.49) 8 (1.62) 0.836 0.9 (0.42,1.91) 0.84 (0.4,1.8) 1.2 (0.38,3.76)

Propensity-score
matched participants

Statin group
(n = 386)

Nonstatin group
(n = 208) P value

Unadjusted HR
(95%CI)

Age and
sex-adjusted HRa

Multi-adjusted
HRb

MACEs 19 (4.92) 26 (12.50) 0.001 0.4 (0.22,0.73) 0.44 (0.24,0.8) 0.44 (0.22,0.89)

Total death 17 (4.40) 22 (10.58) 0.004 0.42 (0.22,0.79) 0.48 (0.25,0.9) 0.53 (0.25,1.13)

Cardiac death 3 (0.78) 7 (3.37) 0.019 0.24 (0.06,0.91) 0.26 (0.07,1.02) 0.03 (0,2.25)

Nonfatal MI/stroke 2 (0.52) 4 (1.92) 0.1024 0.28 (0.05-1.51) 0.28 (0.05-1.50) —

Abbreviations: HR, hazard ratios; MACEs, major adverse cardiovascular events; MI, myocardial infarction. &Ratio of nonstatin (n = 208) vs statin (n = 386)

was 1:2, difference of propensity score < 0.01 (range: 0-1).
a The propensity score was estimated using a logistic regression model including sex, age, education, profession, hospital level, dyslipidemia, smoking, his-

tory of myocardial infarction, stroke, diabetes, ACS type, thrombolysis, and PCI/CABG during hospitalization.
b Adjusted for sex, age, education, profession, hospital level, years of in-hospital, symptom to admission time, dyslipidemia, smoking, history of myocardial

infarction, stroke, diabetes, ACS type, thrombolysis and PCI/CABG during hospitalization, LDL-c, high heart rate ( ≥ 100 times/min), Continuous ECG

monitoring, treatments during hospitalization (such as cardiorespiratory resuscitation, thrombolysis and PCI/CABG, aspirin, clopidogrel, beta-blocker,

angiotensin converting enzyme inhibitor/angiotensin receptor blocker, nitrate esters, and calcium antagonist) as well as the other medical treatments pre-
scribed at discharge (aspirin, clopidogrel, beta-blocker, angiotensin converting enzyme inhibitor/angiotensin receptor blocker, nitrate esters, and calcium

antagonist).

1

0.61
0.53

0.4
0.34

0.94

0.83

0

0.2

0.4

0.6

0.8

1

1.2

Non-statin 5 or 10mg >=20mg

P
ro

p
e
n

s
it

y
-s

c
o

re
 p

lu
s
 o

th
e
r 

fa
c
to

rs
 a

d
ju

s
te

d
 H

a
z
a
rd

 r
a
ti

o
s

Dose of statin (atorvastatin or equivalent)

(A)
p for trend=0.02

1

0.57

0.35
0.24

0.15

1.36

0.85

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

Non-statin 5 or 10mg >=20mg

M
u

lt
i
-a

d
ju

s
te

d
 H

a
z
a
rd

 r
a
ti

o
s

Dose of statin (atorvastatin or equivalent)

(B)
p for trend=0.06

FIGURE 2 Hazard ratios of the major adverse cardiovascular events (MACEs) in 12 months after discharge by dosage of statin at discharge in

full-adjusted cox model for all analyzed population (section a) (495 nonstatin group vs and 2879 statin group) and propensity-score-plus-other-

medicines matched population (section B) (208 nonstatin group vs and 386 matched statin group)
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higher serum levels of LDL-c (58-69 mg/dL), suggesting that the

threshold of LDL-c level for prescription of statins among ACS

patients may not exist or be very low.

4.1 | Strengths and limitations

Our study bears the strengths of large sample size, a prospective

cohort, well-designed original studies with high quality assurance, and

accounting for propensity score for statin prescription possible. Fur-

thermore, the results were similar after we adjusted confounding fac-

tors, especially the cardioprotective medication at discharge. Several

limitations also should be noted. First and foremost, these are obser-

vational analyses and residual confounding bias is highly likely, and

any real effect of statin therapy is likely to be less than the magnitude

of the associations observed in this study would suggest. In addition,

we used statin prescription information instead of actual use and we

did not account for changes in statin use or other time-varying con-

founders, such as side effects of statin may also impact the adherence

of statins. A previous study showed that nonadherence rate was

about 17.6% in 1 year.27 And we did not collect the compliance of

statin treatment. Further, as an observational cohort study we could

not eliminate entirely the confounding bias that could be introduced

by unknown or unmeasured factors, although we have adjusted the

propensity score of statin prescription and other known factors such

as age, gender, subtypes of ACS, co-medications, etc. Compared with

analyzed participants, those lost to follow-up were more likely to be

women, have lower education, be treated in lower hospital, have

medicare, but less likely to smoke, have higher LDL-c level, hyperten-

sion, diabetes, have history of angina, and thus had low risk of MACEs

and less use statin, aspirin, clopidogrel, beta-blocker, nitrate esters,

and calcium antagonist (Table S2). Because interaction analyses

showed that all above factors did not modify the association of statin

and MACEs. Thus, excluding those lost to follow-up may not intro-

duce significant bias on our results. We did not collect the time of

LDL-c measured, as cholesterol level in the acute phase of ACS maybe

lower than stable patients. In this study, compared with 96.6% in

patients with STEMI and 96.3% in patients with NSTEMI, the rate of

measurement of myocardial injury biomarkers (CK-MB or troponin)

was only 85.8% in patients with UA. The low percentage of high sen-

sitivity troponin test may explain the higher frequency of UA in this

study. We did not collect data on LDL-c after discharge and thus can-

not assess the changes of LDL-c between statin group and nonstatin

group. This prevent us from inferencing the effect of statin use from

Hazard Ratios(95%CI) of MACE

Subgroup HR(95%CI) P for interaction

Sex 0.574

Men 0.52(0.24,1.15), N=395

Women 0.5(0.1,2.62), N=199

Age, years 0.42

<65 0.5(0.05,5.38), N=291

>=65 0.36(0.16,0.8), N=303

Diagnosis 0.605

STEMI 0.26(0.04,1.81), N=159

NSTEACS 0.39(0.16,0.95), N=435

Hypertension 0.822

No 0.37(0.04,3.39), N=266

Yes 0.51(0.23,1.12), N=328

eGFR 0.46

<104mg/dL 0.61(0.26,1.43), N=322

>=104mg/dL 0.22(0.05,1.04), N=272

Clopidogrel 0.651

No 0.5(0.18,1.37), N=275

Yes 0.33(0.11,0.96), N=319

Beta-blocker 0.416

No 0.77(0.18,3.38), N=214

Yes 0.28(0.11,0.69), N=380

Cohorts 0.361

CPACS-2 0.74(0.2,2.73), N=273

CPACS-3 0.3(0.11,0.88), N=321

0 1 2 3 4 5 6

FIGURE 3 Hazard ratios of major adverse cardiovascular events (MACEs) in full-adjusted cox model between statin group (n = 2879) and

nonstatin group (n = 495) in subgroups by baseline characteristics
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furthering lowering LDL-c or other mechanisms. Lastly, we could not

assess the protection effect of high-intensity statin due to its very low

frequency of prescription (only 2.3%).

5 | CONCLUSIONS

In conclusion, based on a large real-world cohort of hospitalized Chi-

nese ACS survivors with very low baseline LDL-c, our study demon-

strated that prescription of low to moderate intensity of statin

therapy was significantly associated with lower risk of MACEs and

total death in 12 months after discharge. Randomized trials are

required to confirm the extent to which ACS patients with very low

LDL-c levels benefit from moderate or high-intensity statin therapy.
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