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ABSTRACT　
 
OBJECTIVE　 To investigate the effects of early in-hospital intensive lipid-lowering therapy (LLT) with proprotein convertase subtilisin/
kexin type 9 (PCSK9) inhibitors on lipid dynamics and clinical outcomes in Chinese acute coronary syndrome (ACS) patients, providing ro-
bust real-world evidence for its long-term benefits and optimal implementation timing to address the evidence gap in optimal lipid manage-
ment for secondary prevention.
 
METHODS & RESULTS　 This multicenter prospective real-world study (http://www.clinicaltrials.gov, NCT number: NCT06738758),
which building upon the ELEGANT pilot registry (ChiCTR2200065861), will enroll 6000 consecutively hospitalized ACS patients with uncon-
trolled dyslipidemia across more than 30 Chinese centers. Participants are enrolled based on recommended stratified proportions [(1) diagn-
ostic categories: ST-segment elevation myocardial infarction : non-ST-segment elevation myocardial infarction : intermediate-high-risk unst-
able angina = 1:1:3; and (2) lipid-lowering strategies: PCSK9 inhibitor ± statin : statin+ezetimibe/hybutimibe : statin = 2:1:2). Treatment assign-
ment reflects real-world clinical decisions guided by low-density lipoprotein cholesterol levels and patient preference. Twelve-month foll-
ow-up assessments were conducted at predefined intervals: baseline hospitalization, discharge, and 1, 3, 6, 12 months post-discharge. Primary
endpoints were the goal attainment (low-density lipoprotein cholesterol < 1.4 mmol/L) rates across treatment arms. Key secondary endpo-
ints were the major adverse cardiovascular events (including myocardial infarction, ischemic stroke, cardiovascular mortality, coronary re-
vascularization) and all-cause death, and other secondary endpoints encompassed time-to-lipid-goal, longitudinal changes in lipids profil-
es and inflammatory biomarkers, and perivascular fat attenuation index evolution quantified by coronary computed tomographic angiogr-
aphy. Propensity score matching and inverse probability treatment weighting will address confounding bias.
 
CONCLUSIONS　 This study will pioneer evidence clarifying the optimal therapeutic window and clinical benefits of in-hospital intens-
ive LLT for Chinese ACS patients. By establishing the first Chinese population-derived evidence for the “early intensive and rapid target at-
tainment” strategy, our findings may challenge stepwise LLT paradigms. These results may guide international guideline updates for high-
risk ACS populations, particularly in East Asian cohorts with distinct lipid profiles.

 

Acute coronary syndrome (ACS), encompassi-
ng ST-segment elevation myocardial infarcti-
on (STEMI), non-ST-segment elevation myoca-

rdial infarction (NSTEMI), and unstable angina (UA),[1] ari-
ses from unstable atherosclerotic plaque rupture or erosi-
on in coronary arteries, leading to thrombus formation and ac-
ute myocardial ischemia. As the leading cause of cardiovas-
cular mortality, optimizing secondary prevention strategi-
es for ACS remains a critical challenge in clinical practice.
Beyond acute phase interventions such as anticoagulati-
on, antiplatelet therapy, and revascularization, lipid manag-

ement plays a pivotal role in mitigating long-term risks.[2]

The first year post-ACS, particularly the initial 100 days,
represents the highest-risk period for recurrent cardiovasc-
ular events, with cumulative rates of myocardial reinfarction,
ischemic stroke, or cardiovascular death reaching 10%.[3] Cu-
rrent guidelines predominantly advocate a stepwise lipid-l-
owering approach: initiating moderate-intensity statins, re-
assessing low-density lipoprotein cholesterol (LDL-C) lev-
els after 4–6 weeks, and escalating therapy with ezetimibe
or proprotein convertase subtilisin/kexin type 9 (PCSK9) in-
hibitors if LDL-C targets (< 1.4 mmol/L) remain unmet. Ho-
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wever, this strategy may delay optimal lipid control for 8–12
weeks, precisely overlapping with the peak risk window for
recurrent events. Real-world data reveal persistent gaps: al-
though > 80% of ACS patients receive high-intensity stati-
ns at discharge, over half fail to achieve LDL-C targets with-
in 6–8 weeks.[4] Post-discharge adjustments to lipid-lower-
ing regimens are rare due to patient nonadherence and cli-
nical inertia,[5] underscoring the urgency for more effective
early intervention.

PCSK9 inhibitors offer a novel pathway to address the-
se challenges. Landmark trials (FOURIER, ODYSSEY Out-
comes) demonstrated that alirocumab and evolocumab re-
duce LDL-C by 54%–60% and lower major adverse cardi-
ovascular events (MACEs) by 15%–20%.[6] While ODYS-
SEY Outcomes confirmed benefits in patients with recent
ACS (1–12 months post-event),[7] critical gaps persist rega-
rding the acute phase therapeutic window. Notably, plas-
ma PCSK9 levels surge by 2.3-fold within 24 h of ACS ons-
et,[8] potentially attenuating early statin efficacy and highl-
ighting a mechanistic rationale for immediate PCSK9 inh-
ibition. Early in-hospital initiation may stabilize vulnera-
ble plaques via rapid LDL-C reduction and modulate infl-
ammatory pathways,[9,10] yet practical barriers, such as ac-
ute phase hemodynamic instability, drug interactions, and
real-world adherence, remain underexplored. Prelimina-
ry evidence from small trials (e.g., EVOPACS) supports sh-
ort-term safety and efficacy,[11] but large-scale, prospective
validation of long-term outcomes is lacking, especially in
Chinese populations.

While randomized controlled trials remain the gold sta-
ndard for efficacy assessment, real-world evidence is incre-
asingly recognized by regulatory bodies (e.g., FDA RWE Fr-
amework 2023) for evaluating effectiveness in routine pra-
ctice. Against this backdrop, the “Early Initiation of Intensi-
fication Lipid-Lowering Treatment in Acute Coronary Syn-
drome (ELITE-ACS)” study employs an innovative real-wo-
rld design to address critical gaps in guideline implement-
ation, particularly the “treatment inertia” observed in step-
wise lipid management strategies. The primary objective is
to evaluate the 1-year LDL-C target attainment rate (< 1.4
mmol/L) of early in-hospital intensive lipid-lowering the-
rapy (LLT) (PCSK9 inhibitor initiated during hospitalizati-
on) compared with traditional stepwise strategies in Chin-
ese ACS patients with uncontrolled dyslipidemia. This foc-
us directly responds to the core mandate of resolving the low
LDL-C goal attainment rate, a key barrier to secondary prev-
ention in Chinese ACS populations. The key secondary objec-
tives are designed to complement the primary endpoint wi-
th clinically meaningful outcomes, including assessing the

incidence of MACEs and all-cause mortality at one year to
validate the prognostic relevance of early LDL-C target atta-
inment, and determining the time to LDL-C target achieve-
ment to quantify the speed of risk reduction. In summary, the
ELITE-ACS study aims to provide dual evidence: whether ea-
rly intensive LLT improves guideline adherence (process qu-
ality) and whether this translates to reduced cardiovascular
risk (clinical benefit) in real-world practice.

 METHODS

 Study Design

The ELITE-ACS study is an ongoing multicenter, prosp-
ective, real-world study (http://www.clinicaltrials.gov, NCT
number: NCT06738758) supported by Noncommunicab-
le Chronic Diseases-National Science and Technology Maj-
or Project (No.2023ZD0503906) and initiated at the Chinese
PLA General Hospital, which designed to enroll approxim-
ately 6000 hospitalized ACS patients across 30 Chinese me-
dical centers between October 2024 and July 2026. It exten-
ds the scientific framework of its pilot phase, a registry nam-
ed “Early initiation of PCSK9 inhibitor for Intensification Li-
pid Lower Treatment in hospitalized ACS patients (ELE-
GANT)” (ChiCTR2200065861), which was initiated in Nov-
ember 2022 at 13 centers. With a 12-month follow-up period,
this study aims to evaluate the impact of early in-hospital in-
itiation of PCSK9 inhibitor-based intensive LLT on 1-year
lipid target achievement rates (LDL-C < 1.4 mmol/L), time-
to-target attainment, and incidence of adverse cardiovas-
cular events (Figure 1).

 Study Population

Patients were eligible if they met the following criteria: (1)
age ≥ 18 years; (2) hospitalization for ACS, including STE-
MI, NSTEMI and intermediate-high-risk UA which defin-
ed as Global Registry of Acute Coronary Events (GRACE)
score ≥ 89 points; (3) inadequate lipid control: LDL-C ≥ 1.8
mmol/L for statin-treated patients or ≥ 2.6 mmol/L for stat-
in-naive patients (no statin use within the preceding two we-
eks); and (4) provision of informed consent. Patients need to
be excluded if they have any of the following: (1) prior PCS-
K9 inhibitor therapy within three months; (2) life-threateni-
ng comorbidities (e.g., severe hepatic impairment with persi-
stent transaminase elevation, end-stage renal failure); (3) hi-
story of renal or cardiac transplantation; (4) pregnancy, lac-
tation, or planned pregnancy; and (5) investigator-deter-
mined unsuitability for participation.
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 Interventions and Assessments

Participants are stratified by ACS diagnosis (STEMI : NS-
TEMI : intermediate-high-risk UA = 1:1:3) and treatment al-
location (PCSK9 inhibitor ± statin : statin + ezetimibe/hyb-
utimibe : statin = 2:1:2) based on recommended rather than
mandatory proportions (Table 1). Treatment allocation rati-
os were deliberately selected to mirror real-world prescrip-
tion patterns in Chinese ACS management and ensure suf-
ficient statistical power for inter-group comparisons, alig-
ning with the flexibility of real-world clinical decision-mak-
ing. All other atherosclerotic cardiovascular disease (ASC-
VD) management therapies (e.g., antiplatelet agents, anti-
hypertensives, hypoglycemics) align with contemporary
Chinese and international guidelines[1,12] and clinician disc-
retion.

 Lipid-lowering agents and dosage recommenda-
tions

Based on pharmacokinetic characteristics of lipid-low-
ering agents in Chinese populations and data from previo-
us real-world studies,[12,13] dosage recommendations are sp-
ecified as follows: the statin monotherapy group prioritiz-
es moderate-intensity potent statins as first-line therapy, in-
cluding rosuvastatin (10–20 mg/day) or atorvastatin (20–
40 mg/day), with de-escalation to low-intensity statins (ro-
suvastatin 5 mg/day or atorvastatin 10 mg/day) allowed for
patients with statin intolerance (e.g., myalgia, transamin-
ase elevation); the statin + ezetimibe/hybutimibe (both ad-
ministered at a fixed dosage of 10 mg/day) combined wi-
th the aforementioned statins (dosage as specified for the
statin monotherapy group); the PCSK9 inhibitor ± statin co-

 

Figure 1    Study design and treatment schema of ELITE-ACS.

 

Table 1    Stratification ratios by acute coronary syndrome diagnosis and lipid-lowering strategy.

STEMI NSTEMI UA

PCSK9 inhibitor ± statin 480 480 1440

Statin + ezetimibe 240 240 720

Statin 480 480 1440

Ratios were dynamically adjusted during competitive enrollment to reflect real-world clinical decision-making with STEMI : NSTEMI : intermedi-
ate-high-risk UA = 1:1:3 and PCSK9 inhibitor ± statin : statin + ezetimibe/hybutimibe : statin = 2:1:2. NSTEMI: non-ST-segment elevation myocar-
dial infarction; PCSK9: proprotein convertase subtilisin/kexin type 9; STEMI: ST-segment elevation myocardial infarction; UA: unstable angina.
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mbination group includes four clinically approved PCSK9
inhibitors: alirocumab (75 mg every 2 weeks, adjustable to
150 mg every 2 weeks based on LDL-C response), evolocum-
ab (140 mg every 2 weeks or 420 mg monthly), recaticimab
(150 mg every 4 weeks or 300 mg every 8 weeks), and tafol-
ecimab (150 mg every 2 weeks or 450 mg every 4 weeks), with
optional concurrent statin therapy (dosage as specified abo-
ve) based on patient tolerance and clinician judgment.

 Treatment adjustment strategies

Long-term maintenance of LLT is recommended, with ad-
justments guided by serial LDL-C measurements and sa-
fety monitoring: for patients in the statin monotherapy gr-
oup who fail to reach the LDL-C target (< 1.4 mmol/L) 1 mon-
th after dosage optimization, additional lipid-lowering ag-
ents (ezetimibe, hybutimibe, or PCSK9 inhibitor) may be ad-
ded based on lipid profiles, patient preferences, and tolera-
bility; for low LDL-C management, if LDL-C < 25 mg/dL
(0.65 mmol/L) on two consecutive occasions (at least 24 h ap-
art), the intensity of LLT should be reduced (e.g., statin dos-
age reduction or discontinuation of non-PCSK9 inhibitor
agents), and if LDL-C < 15 mg/dL (0.39 mmol/L) on two co-
nsecutive occasions (at least 24 h apart), PCSK9 inhibitor
therapy should be temporarily discontinued, with LDL-C re-
evaluated 3 weeks post-discontinuation and PCSK9 inhi-
bitor reinitiated if LDL-C > 15 mg/dL; discontinuation or
dosage reduction of lipid-lowering agents is permitted for
severe adverse events (e.g., severe myopathy, persistent tr-
ansaminase elevation > 3 × upper limit of normal) per pr-
oduct labels and guidelines. Complete and accurate docum-
entation of all medication adjustments is required in acco-
rdance with the study protocol.

 Data Collection and Management

Data are collected via electronic case report forms alig-
ned with ACCF/AHA clinical data standards,[14] with secu-
re electronic data capture accounts assigned to each partici-
pating hospital. Trained investigators or authorized perso-
nnel complete data entry timely and accurately, with online
submission finalized by the mid-month following partici-
pant recruitment.

 Baseline data (Admission visit)

At admission, the following baseline data were collected
from patients: demographics (age, gender, height, weight); ri-
sk factors and medical history [smoking, alcohol consump-
tion, previous percutaneous coronary intervention (PCI)/
coronary artery bypass grafting, myocardial infarction (MI),

heart failure, hypertension, peripheral arterial disease, di-
abetes mellitus, stroke, kidney disease]; prehospital med-
ications [antiplatelet agents, lipid-lowering drugs, beta-ad-
renergic blockers (beta-blockers), angiotensin-converting en-
zyme inhibitors/angiotensin receptor blockers, aldostero-
ne receptor antagonists, calcium channel blockers, proton
pump inhibitors]; vital signs (blood pressure, heart rate, re-
spiratory rate, pulse); laboratory parameters which inclu-
des complete blood count, infection markers [C-reactive pr-
otein/high-sensitivity C-reactive protein (hs-CRP), interl-
eukin-6], blood biochemistry [alanine aminotransferase, asp-
artate aminotransferase, creatinine, B-type natriuretic pepti-
de, glucose, glycated hemoglobin A1c, lipid profile ((LDL-C,
high-density lipoprotein cholesterol (HDL-C), total choles-
terol, triglycerides, lipoprotein(a), apolipoprotein A1, apoli-
poprotein B))], myocardial biomarkers (cardiac troponin T,
cardiac troponin I, high-sensitivity cardiac troponin T, high-
sensitivity cardiac troponin I, creatine kinase, creatine kina-
se-myocardial band); 12-lead electrocardiogram and echoc-
ardiographic findings; coronary angiographic data (lesion
location, stenosis severity); interventional treatment detai-
ls (PCI performance, intervention location) and discharge
medications.

 Follow-up data

Follow-up evaluations are conducted at discharge, and 1,
3, 6, and 12 months post-discharge via clinic visits or struc-
tured telephone interviews, with assessments including lip-
id profiling (LDL-C, HDL-C, total cholesterol, triglycerides)
to guide treatment adjustments, adverse events and safety
monitoring (liver/kidney function, muscle enzymes, new-
onset diabetes mellitus), MACEs and healthcare utilization,
and compliance with LLT (self-reported medication adher-
ence, pill count at clinic visits).

 Quality assurance

Data quality assurance employs a four-tiered strategy: (1)
pre-study training with item-by-item guidance on data defini-
tions; (2) automated and manual validation: the electronic da-
ta capture platform flags outliers or illogical entries for revi-
ew; (3) on-site audits: a dedicated quality control team rando-
mly selects the first, last, and ~10% of intermediate cases per
site for source data verification against original medical re-
cords; and (4) real-time monitoring: weekly enrollment upda-
tes and monthly data quality reports are shared with sites to
ensure compliance. All personal data are anonymized and pr-
ocessed in strict adherence to privacy laws, with technical
and administrative safeguards (e.g., encryption, access con-
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trols) to prevent unauthorized disclosure, loss, or alterati-
on.

In particular, for patients who underwent coronary co-
mputed tomography angiography at baseline, perivascul-
ar fat attenuation index (FAI) measurement will be perfo-
rmed following strict standardization protocols to ensure in-
ter-center and inter-observer consistency: raw coronary co-
mputed tomography angiography images from participati-
ng centers will be exported in DICOM (Digital Imaging and
Communications in Medicine) format and transmitted sec-
urely to the leading center for centralized analysis. FAI will
be measured independently by two experienced investig-
ators blinded to clinical data and trained in a unified meas-
urement protocol. Discrepancies between the two observe-
rs (defined as a relative difference > 10% in FAI values) will
be resolved through joint review of the imaging slices, re-
calibration of measurement positions, and consensus discu-
ssion to align methodological implementation. Intra-obse-
rver and inter-observer reliability will be quantified using the
intraclass correlation coefficient, with a pre-specified target
intraclass correlation coefficient > 0.85 to confirm accepta-
ble reproducibility.[15]

 Study Endpoints and Definitions

 Primary endpoint

The primary endpoint is LDL-C target achievement rate
(< 1.4 mmol/L) at each visit node across follow-up interva-
ls, per 2023 ESC guidelines.[1] Notably, the ≥ 50% LDL-C re-
duction criterion is excluded to prioritize absolute risk thre-
sholds for clinical decision-making.

 Secondary and safety endpoints

The key secondary endpoints are MACEs (composite of
composite of MI, ischemic stroke, cardiovascular death and
coronary revascularization) and all-cause mortality incid-
ence, which are adjudicated using the Fourth Universal Def-
inition of Myocardial Infarction[16] and 2023 ESC ACS guide-
lines.[1] Other endpoints include the mean time-to-LDL-C ta-
rget attainment, which is defined as days from baseline to fi-
rst confirmed LDL-C < 1.4 mmol/L, and the time from in-ho-
spital initiation of LLT to first occurrence of any of the above
MACEs and all-cause death, as well as the percentage chan-
ges in the full lipid profile (including LDL-C, total cholest-
erol, triglycerides, HDL-C, lipoprotein(a), apolipoprotein B
and apolipoprotein A1, etc.) and inflammatory biomark-
ers (e.g., C-reactive protein/hs-CRP, interleukin-6) at each
follow-up, and the percentage changes in FAI before the pr-
ocedure and at 12 months in patients undergoing elective

PCI. The safety endpoints include new-onset diabetes me-
llitus (fasting glucose ≥ 7.0 mmol/L or 2-hour postprand-
ial glucose ≥ 11.1 mmol/L), hepatotoxicity (alanine amin-
otransferase > 3 × upper limit of normal), severe myopat-
hy (creatine kinase > 10 × upper limit of normal) and sev-
ere hypersensitivity reactions. A complete list of pre-spec-
ified endpoints is included in Table 2. An independent cli-
nical endpoint committee, blinded to treatment allocation,
adjudicates all events using standardized criteria.

 Prespecified subgroup analyzes and exploratory
analyzes

Prespecified subgroup analyses encompass stratificati-
on by baseline clinical characteristics and their prognostic as-
sociations as well as stratification by core links of lipid man-
agement and their prognostic associations, where the form-
er includes baseline risk stratification based on GRACE sco-
re[17] and presence or absence of very high-risk ASCVD, de-
mographic and comorbidity stratification covering age, ge-
nder, chronic kidney disease status, and other comorbidities,
and vascular lesion characteristic stratification focusing on
presence or absence of multi-vessel disease and complete-
ness of revascularization,[18] while the latter involves stratif-
ication by timing of LDL-C target attainment (in-hospital at-
tainment, 1-month attainment, and 3-month attainment) and
stratification by time in therapeutic range of LDL-C (defined
as the proportion of follow-up duration with LDL-C main-
tained < 1.4 mmol/L) to explore its association with MAC-
Es and all-cause death.

Exploratory analyses include the following four aspects:
(1) baseline characteristics, including quantification of the
proportion of very high-risk ASCVD among enrolled ACS
patients, clarification of the distribution of dyslipidemia sub-
types and different lipid-lowering drug combinations, as we-
ll as identification of factors influencing baseline lipid-low-
ering drug selection; (2) comprehensive management, incl-
uding analysis of lipid-lowering drug adjustment patterns
during follow-up, assessment of patient treatment adheren-
ce and its influencing factors, exploration of the clinical char-
acteristics of the optimal population for different lipid-lowe-
ring strategies, and analysis of the low response rate and pot-
ential factors in patients receiving PCSK9 inhibitors alone;
(3) multidimensional assessment of residual risk and mec-
hanism exploration, including investigation of changes in re-
sidual cholesterol risk, residual inflammatory risk, metabo-
lic risk and other residual risk factors across different lipid-
lowering groups and their associations with prognosis, as we-
ll as development of a combined predictive model for prog-
nostic risk based on multidimensional residual risk indica-
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tors; and (4) association between imaging mechanisms and
prognosis in patients undergoing elective PCI, including an-
alysis of the correlation between 12-month changes in peri-
vascular FAI measured by coronary computed tomography
angiography compared with baseline and MACEs and all-
cause death, as well as the intrinsic associations between 12-
month FAI changes and LDL-C reduction and changes in in-
flammatory factors.

 Statistical Analysis

 Sample size rationale

As a real-world observational study without mandatory
group allocation ratios, the planned enrollment of 6000 pat-
ients is comprehensively justified based on both the declar-
ed primary endpoint and key secondary clinical events (MA-
CEs), combined with expected real-world treatment distri-

 

Table 2    Study endpoints.

Primary endpoint LDL-C target achievement rate (< 1.4 mmol/L) at each visit node during the observation period

Secondary endpoint

The overall incidence of the first major adverse cardiovascular events (MACEs: composite of myocardial infar-
ction, ischemic stroke, cardiovascular death and coronary revascularization) and all-cause death within 12 months

The mean time-to-LDL-C target attainment (defined as days from baseline to first confirmed LDL-C < 1.4 mmol/L)

Time from in-hospital initiation of lipid-lowering therapy to first occurrence of any of the above MACEs and all-
cause death

Percentage change from baseline in the full lipid profile (including LDL-C, high-density lipoprotein cholesterol,
total cholesterol, triglycerides, lipoprotein(a), apolipoprotein A1, apolipoprotein B, etc.) across treatment groups
at different visit nodes

Percentage change from baseline in inflammatory biomarkers (e.g., C-reactive protein/high-sensitivity C-react-
ive protein, interleukin-6) across treatment groups at different visit nodes

Percentage change in perivascular FAI in patients undergoing elective percutaneous coronary intervention

Prespecified subgroup
analyses

Baseline clinical characteristics
  Baseline risk stratification including GRACE score, presence or absence of very high-risk atherosclerotic cardi-
ovascular disease
  Demographic and comorbidity stratification covering age, gender, chronic kidney disease status, and other com-
orbidities
  Vascular lesion characteristic stratification focusing on presence or absence of multi-vessel disease and compl-
eteness of revascularization

Core links of lipid management
  Timing of LDL-C target attainment (in-hospital attainment, 1-month attainment, and 3-month attainment)
  Time in therapeutic range of LDL-C (defined as the proportion of follow-up duration with LDL-C maintained
< 1.4 mmol/L)

Exploratory analyses

Baseline characteristics
  Quantification of the proportion of very high-risk atherosclerotic cardiovascular disease among enrolled acu-
te coronary syndrome patients
  Clarification of the distribution of dyslipidemia subtypes and different lipid-lowering drug combinations
  Identification of factors influencing baseline lipid-lowering drug selection

Comprehensive management
  Analysis lipid-lowering drug adjustment patterns during follow-up
  Assessment of patient treatment adherence and its influencing factor
  Exploration of the clinical characteristics of the optimal population for different lipid-lowering strategies
  Analysis of the low response rate and potential factors in patients receiving PCSK9 inhibitors alone

Multidimensional assessment of residual risk and mechanism exploration
  Changes in residual cholesterol risk, residual inflammatory risk, metabolic risk and other residual risk factors ac-
ross different lipid-lowering groups and their associations with prognosis
  Development of a combined predictive model for prognostic risk based on multidimensional residual risk in-
dicators

Association between imaging mechanisms and prognosis in patients undergoing elective percutaneous corona-
ry intervention
  Analysis of the correlation between 12-month changes in perivascular FAI measured by coronary computed to-
mography angiography compared with baseline and MACEs and all-cause death
  The intrinsic associations between 12-month FAI changes and LDL-C reduction and changes in inflammatory
factors

Safety endpoints

New-onset diabetes mellitus (fasting glucose ≥ 7.0 mmol/L or 2-hour postprandial glucose ≥ 11.1 mmol/L)

Hepatotoxicity (alanine aminotransferase > 3 × upper limit of normal)

Severe myopathy (creatine kinase > 10 × upper limit of normal)

Severe hypersensitivity reactions

FAI: fat attenuation index; LDL-C: low-density lipoprotein cholesterol; MACEs: major adverse cardiovascular events; PCSK9: proprotein convertase
subtilisin/kexin type 9.
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bution (PCSK9 inhibitor ± statin : statin + ezetimibe/hybu-
timibe : statin = 2:1:2). First, for the primary endpoint (LDL-
C target achievement rate < 1.4 mmol/L), drawing on conte-
mporary real-world data in Chinese ACS patients,[19,20] we as-
sumed target achievement rates of 58%, 25%, and 18% acr-
oss the three groups; power analysis confirms this sample
size provides > 80% power (α = 0.05) for all pairwise comp-
arisons of the primary endpoint, ensuring sufficient statis-
tical power to validate the core research objective. Second,
for key secondary clinical events (MACEs and all-cause de-
ath), referencing prior clinical and real-world evidence [a
coronary imaging trial reported a 12-month MACE rate of
11% with alirocumab versus 21.9% with placebo in ACS pa-
tients;[21] a Taiwanese registry showed 1-year revasculari-
zation rates of 14% (statin monotherapy) vs. 8.5% (statin + ez-
etimibe)],[22] power analysis indicates the 6000 patients’ sa-
mple also provides > 90% power (α = 0.05) for compariso-
ns between PCSK9 inhibitor ± statin vs. statin alone and be-
tween statin + ezetimibe/hybutimibe vs. statin alone, as we-
ll as > 50% power for comparisons between PCSK9 inhibit-
or ± statin vs. statin + ezetimibe/hybutimibe. To address mul-
tiplicity issues and avoid inflated type I error, a hierarchic-
al testing strategy with Bonferroni correction for key compa-
risons (intensive vs. conventional therapy) is adopted to st-
rictly control statistical error.

 Analytical methods

Analyzes will be performed using SPSS 26.0 (SPSS Inc.,
Armonk, New York, USA) and R statistical software 4.2.1 (R
Foundation for Statistical Computing, Vienna, Austria). For
descriptive statistics and primary endpoint analysis, conti-
nuous variables will be presented as mean ± SD for norma-
lly distributed data or medians (interquartile range) for non-
normally distributed data, with intergroup comparisons co-
nducted via one-way analysis of variance or Kruskal-Wal-
lis H test, respectively; categorical variables will be summ-
arized as counts (percentages) and compared using the Pe-
arson’s chi-squared test or the Fisher’s exact probability te-
st for expected frequencies < 5. The primary endpoint (LDL-
C target attainment rate) will be analyzed under the intent-
ion-to-treat principle, including all participants followed for
12 months regardless of protocol deviations, with pairwise
intergroup comparisons adjusted via the Holm-Bonferro-
ni method to control for type I error from multiple compa-
risons. Predefined subgroup analyses will be conducted to
explore effect modification by age, baseline LDL-C level, inf-
lammatory status, and timing of target attainment, with in-
teraction tests applied to assess subgroup differences. For
confounding adjustment, propensity scores will be estimat-
ed using a logistic regression model incorporating > 20 cli-

nically relevant covariates, including demographics (age, sex,
body mass index, smoking status, alcohol consumption), cl-
inical history (hypertension, diabetes mellitus, chronic kid-
ney disease or estimated glomerular filtration rate, prior ACS,
prior stroke, heart failure), ACS-specific variables [ACS su-
btype (STEMI/NSTEMI/UA), baseline LDL-C, hs-CRP, tr-
oponin, left ventricular ejection fraction], concurrent med-
ications (antiplatelet agents, anticoagulants, beta-blockers,
angiotensin-converting enzyme inhibitors/angiotensin re-
ceptor blockers, diuretics). Inverse probability treatment we-
ighting (IPTW) will be employed, with weights truncated
at the 1st and 99th percentiles (range: 0.1–10.0) to reduce bias
from extreme values, and weight balance will be verified
using standardized mean differences (< 0.1). Continuous co-
variates will be modeled as linear terms for normally distr-
ibuted data or log-transformed for non-normally distribu-
ted data (e.g., hs-CRP, troponin), with restricted cubic spli-
nes (3 knots) applied to test for nonlinear relationships, and
significant nonlinear terms retained in the final model. For
secondary endpoint analysis, composite MACEs will be an-
alyzed using Kaplan-Meier survival curves, log-rank tests,
and IPTW-adjusted Cox proportional hazards models, wi-
th the Cox proportional hazards assumption validated via
Schoenfeld residuals. Individual MACE components (MI,
ischemic stroke, cardiovascular death, coronary revascu-
larization) will be evaluated using Fine-Gray competing
risk models with non-cardiovascular death as the compet-
ing event. Time-to-LDL-C target attainment will be asses-
sed via Kaplan-Meier curves and log-rank tests, with non-
attainers censored at 12 months, while longitudinal chan-
ges in LDL-C, inflammatory biomarkers and FAI will be
analyzed using mixed-effects models for repeated measu-
res, adjusting for baseline values, treatment group, time po-
ints, and group-time interactions. For survival analysis det-
ails, a two-step covariate adjustment strategy will be adopt-
ed for survival analyses: unadjusted (crude hazard ratio) and
IPTW-adjusted models incorporating propensity score wei-
ghts and residual confounders with standardized mean dif-
ferences > 0.1 after weighting. Continuous predictors will be
handled using restricted cubic splines (3 knots) to capture po-
tential nonlinear associations with survival outcomes, and co-
mpeting risks will be addressed in the analysis of individu-
al MACEs components. For missing data and bias mitigat-
ion, missing data with < 30% missingness will be address-
ed via multiple imputation by chained equations with 20 im-
puted datasets, including all baseline covariates, treatment
group, and outcomes; variables with ≥ 30% missingness wi-
ll be analyzed as a separate subgroup. Attrition bias will be mi-
tigated by characterizing attrition patterns across treatment
groups, applying inverse probability of attrition weighti-
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ng to the intention-to-treat population (weights estimated
via logistic regression predicting follow-up completion, in-
corporating baseline characteristics, treatment group, and
early adverse events), and conducting predefined sensi-
tivity analyzes: per-protocol analysis (excluding particip-
ants with major protocol deviations, i.e., non-adherence >
20% or treatment switching), alternative weight truncati-
on thresholds (0.05–20.0) for IPTW, complete-case analys-
is (vs. multiple imputation by chained equations) to assess re-
sult robustness. For additional analyzes, Cox regression
and restricted cubic splines will be used to explore assoc-
ions between time-dependent LDL-C levels and MACE risk,
while group-based trajectory modeling (Bayesian informat-
ion criterion-optimized) will be employed to identify distin-
ct LDL-C response patterns and their prognostic implicati-
ons. And FAI will be primarily analyzed as a continuous va-
riable. If clinically meaningful thresholds or dose-respo-
nse relationships are identified, FAI will be further categor-
ized into tertiles/quartiles based on baseline distributions
to explore outcome differences across FAI strata. Statist-
ical significance will be defined as a two-sided P-value < 0.05
after Holm-Bonferroni adjustment for multiple compariso-
ns.

 Study Governance

This prospective cohort study comprises two sequential
phases necessitated by research scale expansion and fund-
ing source transition. The investigation originated as an in-
vestigator-initiated trial (ELEGANT) launched by the Depa-
rtment of Cardiovascular Medicine, Chinese PLA General
Hospital in November 2022. Registered at the Chinese Cli-
nical Trial Registry (ChiCTR2200065861), the project tran-
sitioned to a national-level research program (ELITE-ACS)
in August 2024 with subsequent registration on ClinicalTr-
ials.gov (http://www.clinicaltrials.gov, NCT number: NC-
T06738758). Crucially, all data collection standards, inter-
ventions, and endpoint definitions remain consistent acro-
ss both phases. A central project management team overs-
ees data governance, analysis, safety monitoring, and endp-
oint adjudication. Participating sites (more than 30 hospita-
ls across China) represent diverse secondary and tertiary ca-
re settings. The two phases of this study were all approved
by the Ethics Committee of Chinese PLA General Hospital,
Beijing, China (No.S2022-571 & No.S2024-730) and all part-
icipating institutions. Conduct adheres to the Declaration of
Helsinki, Good Clinical Practice, and local regulations. Wr-
itten informed consent is obtained from all participants or le-
gally authorized representatives. The authors assume full
responsibility for study design, execution, data interpretat-
ion, manuscript preparation, and final content.

 Study Progress and Current Status

From November 2022 to June 2025, 23 active centers en-
rolled 1849 participants, achieving 30.82% (1849/6000) of the
target sample size. This cohort spans > 10 Chinese provinc-
es/municipalities, demonstrating significant geographical
representation. Core laboratory measurements (notably
LDL-C) were missing in < 3% (n = 55) of participants at bas-
eline. Follow-up assessments at 1-month post-enrollment
were completed in 76.4% (n = 1253) of eligible participants,
with core lipid profiles available for 62.84% (n = 1162). Sub-
sequent follow-up completion rates were 76.9% at 3 months
and 70.9% at 6 months. Full enrollment of the target 6000
participants is projected by June 2026.

 DISCUSSION
The ELITE-ACS study aims to address the critical clinical

challenges in China, suboptimal lipid target attainment (30%–
40%) and persistently high risks of recurrent cardiovascular
events among ACS patients, through a pioneering multicen-
ter real-world cohort study of 6000 participants. This study sy-
stematically evaluates the impact of early in-hospital initia-
tion of PCSK9 inhibitor-based intensive LLT on rapid LDL-
C target achievement (LDL-C < 1.4 mmol/L) and 1-year ca-
rdiovascular outcomes. Unlike traditional randomized co-
ntrolled trials, this design innovatively simulates real-wo-
rld clinical decision-making by adopting recommended ra-
ther than mandatory proportions for stratification by ACS
presentation and lipid-lowering strategies. By integrating
dense follow-up intervals (six visits) and multidimensio-
nal endpoints (time-to-LDL-C target, MACE, noninvasive
imaging biomarkers), this study uniquely dissects the clin-
ical benefits of early intensive therapy from the perspectiv-
es of speed (rapid LDL-C reduction), depth (magnitude of li-
pid-lowering), and breadth (multisystemic outcomes). The fi-
ndings will bridge the evidence gap in international guide-
lines regarding early intervention strategies for Chinese po-
pulations and provide pivotal evidence-based support for op-
timizing ACS lipid management pathways tailored to Chi-
na’s healthcare landscape.

Lipid management remains a cornerstone of ACS prog-
nosis improvement, yet China faces unique challenges. Na-
tionwide surveys reveal alarmingly low LDL-C target att-
ainment rates (< 1.8 mmol/L in 11.7% of hospitalized ACS
patients), with 92.0% receiving statin monotherapy at discha-
rge and minimal post-discharge regimen adjustments, 91.4%
remained on statin monotherapy at 6-month follow-up, and
only 30.1% achieved LDL-C < 1.8 mmol/L upon rehospita-
lization.[23,24] These shortcomings contribute to residual risk-
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driven recurrent cardiovascular events (e.g., MI, revasculari-
zation) that exceed global rates.[25,26] This crisis is tightly link-
ed to guideline-recommended stepwise therapy, where dela-
yed LDL-C control may miss the critical “metabolic interve-
ntion window” during the acute ACS phase, a period marked
by lipid core exposure post-plaque rupture, inflammatory ac-
tivation, and endothelial repair.[27] Preclinical studies furth-
er suggest that acute phase LDL-C reduction mitigates plaq-
ue macrophage infiltration and enhances endothelial heal-
ing, while early intervention may confer long-term anti-in-
flammatory benefits via monocyte phenotype modulati-
on (e.g., M1-to-M2 polarization).[28–30] Notably, a meta-anal
ysis highlights that cardiovascular risk reduction per 1 mm-
ol/L LDL-C decline is not static but increases with prolon-
ged treatment duration,[31] reinforcing the 2023 Chinese li-
pid guidelines’ emphasis on sustained target attainment.

Recent advances in PCSK9 inhibitor therapy have ena-
bled rapid and substantial LDL-C reduction. Large-scale tr-
ials, including FOURIER and ODYSSEY Outcomes, have
confirmed their efficacy in lowering LDL-C and reducing
cardiovascular events in patients with dyslipidemia or AS-
CVD.[32,33] Notably, the ODYSSEY Outcomes trial demons-
trated benefits in patients with recent ACS (1–12 months po-
st-event).[7] However, despite guideline recommendations
emphasizing early intensive lipid-lowering for ACS patie-
nts, such as the 2023 ESC guidelines advocating “initiating
combination therapy as early as possible”,[1] critical ambigu-
ities remain. The definition of “early” (e.g., during hospital-
ization, pre-discharge, or within 30 days), prioritization of PC-
SK9 inhibitors, optimal combination regimens, and monit-
oring protocols lack specificity. While trials like EVOPA-
CS[11] and HUYGENS[34] established the safety of early PCS-
K9 inhibitor use in ACS, their strict eligibility criteria (e.g., exc-
luding hemodynamically unstable patients) limit generali-
zability. Ongoing real-world studies, such as AMUNDSEN
and EVOLVE-MI, focus on in-hospital evolocumab use but
do not assess LDL-C reduction velocity, time-to-target attai-
nment, or associations with post-discharge outcomes.

The ELITE-ACS study addresses these gaps through its la-
rge-scale, real-world cohort design. By incorporating diver-
se clinical scenarios and simulating individualized decisi-
on-making, this study evaluates not only LDL-C trajectori-
es and MACEs but also integrates noninvasive imaging bi-
omarkers (e.g., FAI) to comprehensively assess early inte-
rvention benefits. Furthermore, its pragmatic design aligns
with China’s healthcare policies, enabling cost-effectivene-
ss comparisons between early intensive therapy and stepwi-
se approaches. Should results demonstrate favorable incre-
mental cost-effectiveness ratios for early intervention, they
may inform guideline updates, potentially elevating “PCSK9

inhibitor initiation within 24 h” to a class IIa recommendati-
on for high-risk populations. Therefore, as the first large-sc-
ale, real-world study integrating dynamic risk stratification
and multidimensional endpoint assessment (lipid kinetics,
plaque imaging, and health economics), it pioneers a paradi-
gm-shifting framework for precision lipid management. By
generating China-specific evidence on early intensive ther-
apy’s efficacy, safety, and cost-utility, this study not only emp-
owers national guideline optimization but also establishes a
replicable model for emerging economies grappling with du-
al burdens of atherosclerotic disease and healthcare dispar-
ities.

It is important to note that several protocol revisions were
made during the study design phase to enhance real-world
feasibility and evidence comparability, which are reflected in
the final protocol: first, the pre-enrollment lipid-lowering me-
dication duration was adjusted from four weeks to two wee-
ks to align with the inclusion criteria of international pivotal
PCSK9 inhibitor trials (FOURIER and ODYSSEY studies), en-
suring our results are comparable with high-level global ev-
idence; second, stratification ratios for ACS subtypes and tr-
eatment allocation were revised based on real-world epide-
miological data and clinical practice: the ACS diagnosis ratio
(1:1:3) reflects the latest epidemiological characteristics of Ch-
inese coronary heart disease inpatients (per Annual Report
on Cardiovascular Health and Diseases in China 2024, ST-
EMI, NSTEMI, and UA account for more than 6.8%, 6.3%,
and 40% of hospitalizations, respectively), while the adjust-
ed treatment allocation ratio (2:1:2) adapts to the current clin-
ical reality where PCSK9 inhibitors are increasingly widely
used and ezetimibe utilization has declined, ensuring timely
study completion; third, the in-hospital follow-up nodes we-
re simplified to only the discharge visit (removing the 3-day po-
st-treatment visit), addressing practical challenges of medi-
cal insurance policy restrictions and poor patient complia-
nce in real-world settings; finally, we optimized and expan-
ded prespecified subgroup analyses and exploratory endp-
oints to enhance the study’s clinical relevance and translat-
ional value. We supplemented subgroup stratification by ba-
seline clinical characteristics and core links of lipid manage-
ment, also we structured exploratory endpoints into four dom-
ains with added clinical analyses. These optimizations ad-
dress unmet clinical needs and strengthen the study’s pote-
ntial to inform clinical practice and guideline updates.

Despite rigorous design, this study faces inherent limitat-
ions. Selection bias may arise, as higher-risk patients might pr-
eferentially receive PCSK9 inhibitors. To address this potent-
ial bias, our study adopts recommended rather than mand-
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atory treatment allocation proportions (PCSK9 inhibitor ±
statin accounting for 40%), which aligns with contemporary
real-world prescription patterns in Chinese ACS managem-
ent and avoids artificial overrepresentation or underrepre-
sentation of any treatment group. Furthermore, we conduct-
ed dynamic adjustment and advanced statistical methods: pr-
opensity score adjustment for baseline covariates, sensitivi-
ty analyzes comparing multiple models, and time-depend-
ent covariate analyzes to account for treatment modificati-
ons. Nonetheless, unmeasured confounders may persist. Ad-
ditionally, despite center expansion during the study period
necessitated by funding source transition, rigorous quality co-
ntrol measures, including standardized investigator traini-
ng programs, deployment of electronic case report forms wi-
th built-in logic checks, and centralized endpoint adjudica-
tion by an independent committee, were systematically imp-
lemented to ensure methodological consistency and data un-
iformity across all participating sites. Moreover, comorbid-
ity burden is a key determinant of prognosis and treatment
response in ACS patients, with validated indices such as the
Charlson Comorbidity Index demonstrating robust predi-
ctive value for in-hospital mortality and long-term cardiov-
ascular events.[35] However, the present real-world study is li-
mited by incomplete comorbidity data, a common challen-
ge in real-world research attributed to inconsistent docume-
ntation of non-core conditions in routine clinical practice. Wh-
ile we collected baseline data on major cardiovascular-relat-
ed comorbidities (e.g., diabetes mellitus, renal disease, stro-
ke), we lacked comprehensive records of all 19 conditions re-
quired for full Charlson Comorbidity Index calculation, pre-
cluding reliable comorbidity index-based subgroup analy-
ses. Despite this limitation, our findings on LLT efficacy and
safety remain clinically relevant, as they reflect real-world po-
pulations where comorbidity documentation often prioriti-
zes conditions directly influencing acute management. Fut-
ure research should address this gap by leveraging integra-
ted electronic health records systems with standardized com-
orbidity coding, enabling systematic collection of comprehe-
nsive comorbidity data and validation of simplified, clinic-
ally meaningful comorbidity indices for ACS populations.
Such efforts would facilitate more precise stratification of
patients based on comorbidity burden, optimizing the deli-
very of intensive LLT and improving outcomes in this high-
risk group. Finally, the 1-year follow-up may be insufficient
to evaluate long-term plaque stabilization (e.g., calcification
transition), while our study prioritizes assessment during the
peak vulnerability period post-ACS, which aligns with rece-
nt consensus statements. Future studies should extend obse-
rvation periods to assess legacy effects.

 CONCLUSIONS
The ELITE-ACS study, enrolling 6000 Chinese ACS pat-

ients, is positioned to clarify the optimal timing and clinical
benefits of early in-hospital intensive LLT. As the first lar-
ge-scale, real-world evidence from a Chinese cohort, this stu-
dy provides critical support for the “early intensive and rap-
id target attainment” strategy. Findings are expected to refi-
ne ACS lipid management protocols, inform guideline up-
dates, and ultimately contribute to improving clinical progn-
osis by addressing the unmet need for timely and effective
lipid control in high-risk populations.
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