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Abstract

Background Adverse atherogenic lipid profile is associated with an increased risk of major adverse cardiac events
in patients after acute coronary syndrome (ACS). Knowledge regarding the impact of statins on lipid profile remains
limited.

Methods We retrospectively analysed multicenter, real-world data from the Chinese Cardiovascular Association
Database-iHeart Project. Patients with a primary diagnosis of ACS from 2014 to 2021 during index hospitalisation

and having at least one lipid panel record after discharge within 12 months were enrolled. We analysed target
achievement of atherogenic lipid profile, including apolipoprotein B (<80 mg/dL), low-density lipoprotein cholesterol
(LDL-C) (< 1.8 mmol/L), lipoprotein(a) [Lp(a)] (<30 mg/dL), triglycerides (< 1.7 mmol/L), remnant cholesterol (RC)
(<0.78 mmol/L), non-high-density lipoprotein cholesterol (< 2.6 mmol/L) at baseline and follow-up. Multivariate

Cox regression models were employed to investigate the association between patient characteristics and target
achievement.

Results Among 4861 patients, the mean age was 64.9 years. Only 7.8% of patients had all atherogenic lipids within
the target range at follow-up. The proportion of target achievement was for LDL-C 42.7%, Lp(a) 73.3%, and RC 78.5%.
Patients with female sex, younger age, myocardial infarction, hypertension, and hypercholesteremia were less likely
to control LDL-C, Lp(a), and RC. An increase in the burden of comorbidities was negatively associated with LDL-C and
Lp(a) achievements but not with RC.
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Conclusions A substantial gap exists between lipid control and the targets recommended by contemporary
guidelines. Novel therapeutics targeting the whole atherogenic lipid profile will be warranted to improve

cardiovascular outcomes.
What is known?

1. Long-term prognosis of ACS remains challenging, underlining the need for optimisation of secondary prevention

in these patients.

2. In addition to LDL-C, the residual lipid risk attributed to other atherogenic lipids is associated with increased risk

after ACS.
What the study adds?

1. Only 7.8% of patients had all atherogenic lipids, including LDL-C, TG, ApoB, Lp(a), RC, and non-HDL-C, within the

target range.

2. At follow-up, the proportions of the overall population and the very high-risk patients with LDL-C in the target

range were 42.7% and 17.5%, respectively.

3. Patients with female sex, younger age, and comorbidities such as myocardial infarction, hypertension, and

hypercholesterolemia were less likely to control their lipids.

Introduction

Although substantial progress has been achieved over
the last two decades in the acute management of patients
presenting with acute coronary syndromes (ACS) with
the widespread adoption of intensive medical therapy
and timely percutaneous coronary intervention, long-
term prognosis has remained poor after ACS, underlin-
ing the need for optimisation of secondary prevention
in these patients [1, 2]. Among pharmacological treat-
ments recommended by current practical guidelines,
low-density lipoprotein cholesterol (LDL-C) remains
the primary target of therapy, tailoring the level of opti-
mal LDL-C reduction to the individual’s level of cardio-
vascular risk [3]. However, lowering LDL-C to very low
levels does not eliminate cardiovascular risk [4, 5]. Other
atherogenic lipoproteins, including lipoprotein(a) [Lp(a)]
and triglyceride-rich lipoproteins (TRLs), contribute to
residual cardiovascular risk. Accumulating body of evi-
dence demonstrates that apolipoprotein B (ApoB) [6],
non-high-density lipoprotein cholesterol (non-HDL-C)
[7, 8], Lp(a) [9], and remnant cholesterol (RC) [10] are
associated with increased risk independent of LDL-C.
Hence, comprehensive management of atherogenic lipo-
proteins, rather than just lowering LDL-C, may provide
an opportunity to address the growing and now global
epidemic of the condition. Recent trials of non-statin
lipid-lowering therapy (LLT) have shown reduction in
cardiovascular events by lowering LDL-C through mech-
anisms like increasing LDL receptor expression or reduc-
ing cholesterol absorption [11]. New therapies targeting
triglyceride (TG), Lp(a), with monoclonal antibodies,
antisense oligonucleotide, and small-interfering RNA
have emerged [12].

Despite these significant advancements in LLT, the
management presents notable challenges in clinical prac-
tice. Primarily, the achievement of optimal LDL-C levels
remains unacceptably inadequate. Among patients with

atherosclerotic cardiovascular disease (ASCVD), 50% or
less receive statins and less than 40% LDL-C goals below
1.8 mmol/L [13, 14]. While novel therapies are emerging
as complementary to statins for the reduction of either
LDL-C or other atherogenic lipoproteins, the identifica-
tion of patients most likely to benefit from these thera-
pies remains elusive.

Furthermore, a comprehensive characterisation of
lipid profiles is crucial to fully understanding the effects
of statin therapy and their potential prognostic implica-
tions. Specifically, there is still limited knowledge regard-
ing the impact of statins on emerging targets such as
Lp(a) and RC. We aimed to analyse the alterations of
atherogenic lipoprotein profile upon statin treatment
after discharge and identify the baseline characteristics
of patients associated with optimal lipid levels during fol-
low-up, harnessing real-world data from the multicenter
database of patients hospitalised for ACS.

Methods

Study design and data sources

We conducted a multicenter retrospective cohort study
using data from the iHeart Project, which was sponsored
by the Chinese Cardiovascular Association (CCA) in
December 2018 with the aim of developing a nationwide
electronic health records (EHRs)-driven platform to col-
lect real-world data from twenty tertiary hospitals across
China. The project was overseen by the CCA steering
committee. All patient data will be identified and ana-
lysed under a protocol that ensures privacy and confi-
dentiality. Applications for research purposes should be
reviewed and approved by the committee. Investigators
must follow protocols and rules to ensure security before
access to the patient data. Within this framework, a com-
prehensive dataset of patients admitted to the cardiology
department between January 1, 2014, and December 31,
2021, was established. Patient information encompassing
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medical history, physical examinations, comorbid condi-
tions, laboratory tests, imaging reports, prescribed medi-
cations, and procedure records were collected from local
EHRs. Natural language processing (NLP) techniques
were employed to extract clinical information from
diverse sources of narrative text. Data quality control was
conducted through the comparison of NLP with cardi-
ologists. Briefly, two hundred EHRs were selected by ran-
dom sampling. Medical texts were extracted using NLP
models, and the corresponding information was anal-
ysed manually by two cardiologists for verification after
structured text data processing. Performance metrics of
NLP were 97.93% and 92.11% for accuracy and recall,
respectively.

Study population

Adult patients with a primary diagnosis of ACS during
hospitalisation from January 2014 to December 2021
were enrolled in the study. Patients with at least one
lipid panel record within 12 months after discharge were
included. Diagnoses were obtained from the hospital dis-
charge record, based on the International Classification
of Diseases —10 codes 120.0, 120.1, 121-121.9, 122, and 123.
ACS encompasses a spectrum of conditions, including
ST-segment elevation myocardial infarction (STEMI),
non-ST-elevation myocardial infarction (NSTEMI), and
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unstable angina (UA). Individual-level records with any
missing data on age, sex, or total cholesterol (TC) were
excluded. Patients with severe renal or hepatic dysfunc-
tion, reported intolerance to statin, life expectancy<1
year, pregnant women, or severe haematological, meta-
bolic or endocrine dysfunction were excluded. Finally,
a total of 4861 ACS patients were enrolled for the final
analyses (Fig. 1). The study was approved by the Eth-
ics Committee of Shanghai Xuhui Central Hospital
(Approval Number: 2023-014). Written informed con-
sent was not required because all data were collected
retrospectively and anonymously without unique patient
identifiers.

Covariate

Demographic characteristics, smoking status, history of
diseases, and medication use were collected. We used
the medical history in the iHeart Project to ascertain the
presence of comorbidities, including myocardial infarc-
tion (MI), heart failure, ischemic cerebrovascular disease,
peripheral arterial disease, ischemic stroke, hyperten-
sion, diabetes, and chronic kidney disease (CKD). Hyper-
tension was defined as systolic pressure>140 mmHg
or diastolic pressure=>90 mmHg, self-reported diagno-
sis history of hypertension, or use of antihypertensive
medication. Type 2 diabetes was defined as fasting blood

from Jan 1, 2014 and Dec 31, 2021
N=25,045

Patients with diagnosis of ACS in the iHeart database

Patients without sex, age or hospitalisation records

N=2,085

Y

N=22,960

Patients with diagnosis of ACS during hospitalisation

Y

Patients without lipid records during hospitalisation or

post-discharge
N=16,894

Y

Patients with lipid record
during hospitalisation and post-discharge
N=6,066

Y

Patients with the first follow-up lipid record
occurring after 12 months post-discharge
N=1,205

y

Final study population
N=4,861

Fig. 1 Flow chart for including patients
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glucose>7.0 mmol/L or using any glucose-lowering
medication or self-reported diagnosis history of diabetes.
Atrial fibrillation was the occurrence of any atrial fibril-
lation present two weeks before admission. Prior MI was
defined as any MI occurrence between birth and arrival
at this facility, excluding a presenting ML

Measurements of total cholesterol, triglyceride, LDL-C,
high-density lipoprotein cholesterol (HDL-C), Apolipo-
protein A (ApoA), Apolipoprotein B (ApoB), and Lp(a)
at baseline and follow-up were collected and analysed.
Non-HDL-C was calculated as TC minus HDL-C. RC
was calculated as TC minus HDL-C minus LDL-C. In
addition, we collected the medication utilisation from
discharge records, including lipid-lowering, blood pres-
sure-lowering (BP-lowering), glucose-lowering, anticoag-
ulant and antiplatelet. For categorical data, the presence
of a diagnostic code/medication prescription in the EHR
was coded as “1”; the absence of a diagnostic code/medi-
cation prescription was coded as “0”.

Very high-risk patients were defined as those with
history of multiple major ASCVD events or one major
ASCVD event and multiple high-risk conditions [15].
Major ASCVD events include recent ACS, history of
ML, history of ischemic stroke, and diagnostic peripheral
arterial disease. High-risk conditions comprise individu-
als who were aged 65 years or older, had history of prior
coronary artery bypass surgery or percutaneous coro-
nary intervention, diabetes mellitus, hypertension, CKD
(eGFR 15-59 mL/min/1.73 m?) and history of congestive
heart failure.

Follow-up and outcome definition

Baseline measurements were defined as laboratory
tests during hospitalisation. After discharge, patients
were recommended to visit the hospital in 4 to 6 weeks.
Patients may undergo tests during these visits according
to the follow-up protocol and the physician’s consider-
ation. A follow-up measurement was defined as the last
recorded test for lipid panel after the discharge within
12 months. The atherogenic lipid profile included TG,
LDL-C, ApoB, non-HDL-C, Lp(a), and RC. We analysed
the LDL-C levels within 12 months, as well as changes in
other atherogenic lipid profiles. In accordance with the
lipid management guidelines, the main outcome was the
achievement of LDL-C<1.8 mmol/L with concomitant
reduction>50%. In patients at very high-risk, an LDL-C
reduction of >50% from baseline and an LDL-C goal of
<1.4 mmol/L were recommended. The targets of other
atherogenic lipids were defined as TG<1.7 mmol/L,
ApoB<80 mg/dL, and non-HDL-C<2.6 mmol/L [16],
with elevated Lp(a) defined as 230 mg/dL [17] and high
RC as >0.78 mmol/L [18].
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Statistical analysis
Continuous covariates and patients with >60% missing
values were discarded, and the missing data was imputed
using a random forest algorithm imputation based on
the “missForest” package. Continuous variables were
reported as meanzstandard deviation (SD) or medi-
ans (25th-75th). Categorical variables were reported
as frequency and percent. The differences were com-
pared using the Mann-Whitney test or chi-squared test
between groups. Sankey plots were used to visualise the
changes in LDL-C at baseline and at follow-up.
Unadjusted and adjusted Cox regression models were
used to analyse the association between patient charac-
teristics and lipid targets. The models were controlled
for established risk factors in a stepwise fashion: Model
1 was crude, and Model 2 was adjusted for ACS subtype
and LLT. Sensitivity analyses were performed at 6-month
follow-up. All analyses were performed using R version
4.1.3. A 2-tailed P<0.05 was considered significant.

Results

Baseline characteristics of patients

The baseline characteristics of the patients were shown in
Table 1. Of 4861 enrolled patients, the mean age was 64.9
(12.4), 3562 (73.2%) were men. Participants comprised
31.4% diabetes, 70.5% hypertension, and 4186 (86.1%)
participants receiving LLT at discharge. Overall, 4031
(82.9%) participants met very high-risk criteria.

Comprehensive management of atherogenic lipid profiles

Of the 4861 patients, 4639 (95.4%) had LDL-C records
during index hospitalisation and after discharge. There
were 1627 (33.4%) patients who had all TC, TG, LDL-
C, ApoB, Lp(a), and RC measured at baseline and 1744
(35.8%) at follow-up. Only 2078 (42.7%) patients tested
Lp(a) at baseline and 2294 (47.2%) at follow-up. Changes
in lipid profiles between baseline and follow-up were
shown in Table 2. TC, TG, LDL-C, ApoB, RC and non-
HDL-C were significantly decreased (P<0.001) within
12 months, whereas HDL-C and ApoA were increased
(P<0.001). Among the study population, 380 patients
(7.8%) exhibited optimal levels for all six atherogenic
lipids, while 326 patients (6.7%) did not meet the target
range for any of these lipids.

Changes in LDL-C during follow-up after discharge

At baseline, the median LDL-C was 2.69 (2.06, 3.36)
mmol/L. LDL-C levels of >3.4 mmol/L, 2.6—3.4 mmol/L,
1.8-2.6 mmol/L, 1.4-1.8 mmol/L, and <1.4 mmol/L
accounted for 24.4%, 29.6%, 30.6%, 9.9%, and 5.6%,
respectively. Longitudinal changes and distribution
in LDL-C levels were shown in Fig. 2. As the baseline
LDL-C levels decreased, an increase in the proportion of
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Table 1 Characteristics of 4861 study patients
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Table 2 Lipid profiles with statin treatment during follow-up

Patient characteristics All (n=4861)
Age, yr 64.9(12.4)
Male, % 3562 (73.2%)
ACS subtype
NSTEMI 673(13.8%)
STEMI 2395(49.2%)
UA 1644(33.8%)
Undetermined 149(3.0%)
Revascularisation 2730(56.1%)
SBP, mmHg 135(20)
DBP, mmHg 79(11)
FBG, mmol/L 6.29(5.40,7.61)
HbA, . % 6.10(5.72,6.80)
Comorbidities
Hypertension 3429(70.5%)
Diabetes mellitus 526(31.4%)
Dyslipidemia 1345(27.7%)
Smoker 1766(36.3%)
Atrial fibrillation 538(11.1%)
Prior MI 1739(35.8%)
Ischemic cerebrovascular disease 910(18.7%)
Chronic kidney disease 351(7.2%)
Heart failure 603(12.4%)

Discharge Medication

Lipid-lowering therapies 4186(86.1%)

Statin 3909(80.4%)
Cholesterol absorption inhibitor 541(11.1%)
BP-lowering therapies 3847(79.1%)
ACEI/ARB 2275(46.8%)
Beta-blockers 1062(21.8%)
CCB 554(11.3%)
Glucose-lowering therapies 1490(30.6%)
Anticoagulant 402(8.3%)
Antiplatelet 4170(85.7%)

Abbreviations ACS, acute coronary syndrome; NSTEMI, non-ST-elevation
myocardial infarction; STEMI, ST-Segment Elevation Myocardial Infarction; UA,
unstable angina; SBP, systolic blood pressure; DBP, diastolic blood pressure;
FBG, fasting blood glucose; HbA,., hemoglobin A;; TC, total cholesterol; TG,
triglyceride; LDL, low-density lipoprotein; HDL, high-density lipoprotein. Data
were n (%), mean (SD), or median (25th-75th)

patients with LDL-C achieving the target during follow-
up was observed.

Overall, at baseline, 15.5% of patients had
LDL-C<1.8mmol/L, and at follow-up, the proportion of
patients increased to 42.7%. The percentage of patients
who had both LDL-C>50% reduction and <1.8 mmol/L
during follow-up was 13.2%. Paradoxically, target attain-
ment decreased with increasing risk. The proportion of
very high-risk patients within the target range of LDL-C
was much lower than those at high risk (17.5% vs. 54.7%,
P<0.001) during follow-up. In addition, the percentage of
very high-risk patients who had both LDL-C>50% reduc-
tion and <1.4 mmol/L during follow-up dropped to 7.4%.

Lipid Baseline Follow-up Changein P
profile absolute value
value (%)
TC, mmol/L  4.45(3.66,531) 3.57(3.064.22) -0.77(-17.3%) <0.001
TG, mmol/L  1.37(0.99,1.95) 1.27(0.94,1.80) -0.08(-5.8%) <0.001
LDL-C, 2.69(2.06,3.36) 1.92(1.50,2.44) -0.7(-26.0%) <0.001
mmol/L
HDL-C, 1.05(0.88,1.25) 1.07(0.89,1.28) 0.03(2.9%) <0.001
mmol/L
ApoA, mg/  109(96,124) 113(98,131) 2(1.8%) <0.001
dL
ApoB, mg/  91(73,110) 73(60,90) -15(-16.5%) <0.001
dL
non-HDL-C, 3.43(267,4.16) 2.55(1.963.05) -0.86(-251%)  <0.001
mmol/L
RC, mmol/L  0.62(0.41,0.88) 0.53(0.34,0.74) -011(-17.7%)  <0.001
Lp@), mg/  15(6,33) 18(8,38) 0(0.0%) 0317
dL
4000~ D
g 3000- D o
£ ] Fal
g Rise
§‘ 2900 Unchanged
(2]
)
1000-
<14 L]

Baseline LDL-C Follow-up LDL-C

Fig. 2 Sankey diagram visualising changes in LDL-C levels

Residual lipid risk beyond LDL-C

Median Lp(a) levels did not change. At baseline, there
were 1527 (73.5%) with Lp(a)<30 mg/dL, 259 (12.5%)
with 30-50 mg/dL, and 292 (14.1%) with >50 mg/dL, and
at follow-up, there were 1681 (73.3%) with Lp(a) <30 mg/
dL, 285 (12.4%) with 30-50 mg/dL, and 328 (14.3%) with
>50 mg/dL. Among the participants with Lp(a) record,
938 (45.1%) had an elevated Lp(a) level compared to the
baseline.

At baseline, 3219 patients (66.2%) had RC<0.78
mmol/L, while this proportion increased to 3814 (78.5%)
during follow-up. Of the 4861 patients, elevated RC
levels were observed in 421 patients (8.7%). Among
1980 patients with follow-up LDL-C<1.8 mmol/L, 245
patients (12.4%) had Lp(a)=30 mg/dL, and 379 (19.1%)
had RC>0.78 mmol/L.
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Predictors of target achievement of LDL-C, Ip(a), and RC

Results of univariate and multivariable analysis (Model
1) were shown in S1 Table. After adjustment for ACS
subtype and LLT (Model 2), we found that female sex,
newly-diagnosed MI, prior MI, hypertension, and base-
line LDL-C>3.4 mmol/L were negatively associated with
LDL-C target. For RC, patients of younger age, newly
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diagnosed MI, prior MI, hypertension, and baseline
LDL-C=3.4 mmol/L were less likely to maintain optimal.
In addition, hypertension was also a predictor of elevated
Lp(a) during follow-up (Fig. 3).

We further analysed the association between the bur-
den of comorbidities and lipid control. We observed an
increase in the number of comorbidities was negatively

Variables adjusted HR (95%Cl) P value
Male !

LDL-C <1.8mmol/L i ——  1.263(1.1258-1.413) <0.001

RC <0.78 mmol/L i—'— 1.076(0.997-1.162) 0.061

Lp(a) =30 mg/dL - 1.069(0.956-1.196) 0.243
=65 yr i

LDL-C <1.8mmol/L —‘:— 0.986(0.896-1.086) 0.775

RC «=0.78 mmaol/L i — 1.120(1.045-1.201) 0.001

Lp(a) =30 mg/dL —4|— 0.993(0.890-1.108) 0.906
Revascularization i

LDL-C =1.8mmol/L —'e— 0.993(0.903-1.091) 0.882

RC <0.78 mmol/L —'-i' 0.957(0.893-1.025) 0211

Lp(a) =30 mg/dL —'—i 0.901(0.811-1.002) 0.056
Mewly diagnosed MI i

LDL-C <1.8mmol/L —— 0.700(0.512-0.957) 0.580

RC <0.78 mmol/L —'—i 0.801(0.661-0.971) 0.024

Lp(a) =30 mg/dL —I—i— 0.814(0.630-1.053) 0117
Prior M '

LDL-C <1.8mmol/L —=— i 0.740(0.614-0.891) 0.001

RC <0.78 mmaol/L =" 0.878(0.775-0.995) 0.042

Lp(a) =30 mg/dL —'—E— 0.873(0.717-1.062) 0173
Diabetes i

LDL-C <1.8mmol/L 1:—'— 1.097(0.996-1.210) 0.061

RC <0.78 mmol/L —‘:— 0.997(0.925-1.069) 0.926

Lp(a) =30 mg/dL —— 0.995(0.890-1.113) 0.936
Hypertension i

LDL-C <1.8mmol/L - i 0.733(0.665-0.808) <0.001

RC <0.78 mmaol/L —'—i 0.893(0.830-0.961) 0.002

Lp(a) =30 mg/dL —— 0.847(0.758-0.946) 0.003
Baseline LDL-C =3.4 mmol/L i 0.993(0.890-1.108)

LDL-C <1.8mmol/L —_ i 0.792(0.707-0.887) =<0.001

RC <0.78 mmaol/L —-—i 0.906(0.839-0.979) 0.013

Lp(a) =30 mg/dL —'—:r 0.882(0.772-1.006) 0.062
Atrial fibrillation i

LDL-C <1.8mmol/L —'—:L 0.887(0.763-1.031) 0.119

RC <0.78 mmaol/L —'*:— 0.971(0.876-1.077) 0.580

Lp(a) =30 mg/dL —'—i— 0.923(0.791-1.077) 0.307
eGFR 15-59 mL/min/1.73m*"2 i

LDL-C <1.8mmol/L —— 1.062(0.932-1.209) 0.580

RC <0.78 mmol/L —e'— 1.012(0.922-1.111) 0.797

Lp(a) =30 mg/dL — 0.993(0.840-1.173) 0.931

U_IE ‘ll 1_|5

-

Low Likelihood High Likelihood

Fig. 3 Association of clinical variables and control of LDL-C, Lp(a), and RC



Yang et al. Lipids in Health and Disease (2024) 23:271

associated with LDL-C and Lp(a) in the target range
(P<0.001), whereas it was not associated with RC attain-
ment (P>0.05), as shown in Fig. 4.

Sensitivity analysis

Further sensitivity analyses were performed at 6-month
follow-up. The results showed that patients with female
sex and baseline LDL-C>3.4 mmol/L faced challenges
with RC within the target range at follow-up. Simi-
larly, patients with female sex, hypertension and base-
line LDL-C>3.4 mmol/L were less likely to be within
the LDL-C target range. In terms of Lp(a), patients with
baseline LDL-C levels>3.4 mmol/L and CKD were less
likely to meet the LDL-C target range, consistent with the
findings at the 12-month follow-up (S2 Table).

Discussion

In the present study, we analysed the comprehen-
sive management of atherogenic lipid profile within 12
months after discharge among patients with ACS. The
main findings were summarised as follows: (1) LDL-C,
non-HDL-C, ApoB, and RC were significantly decreased,
while Lp(a) was unchanged; (2) Only 7.8% of patients had
all atherogenic lipids within the target range; (3) At fol-
low-up, the proportions of the overall population and the
very high-risk patients with LDL-C in the target range
were 42.7% and 17.5%, respectively; (4) Among patients
with LDL-C level below target, 12.4% had Lp(a) =230 mg/
dL, and 19.1% had RC>0.78 mmol/L; (5) Patients with
female sex, younger age, and comorbidities such as MI,
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hypertension, and hypercholesterolemia were less likely
to control their lipids.

ApoB serves as a crucial structural component of ath-
erogenic lipoprotein particles, and its entrapment within
the arterial wall represents the pivotal event that drives
the entire process of atherosclerosis. Statin therapy does
not optimally treat all lipoproteins that are causal in ath-
erogenesis, such as TRLs and Lp(a). Hence, substantial
patients with residual risk are unrecognised, highlighting
the missed opportunity for additional benefits from LLT.
In the present study, only 7.8% of patients had all athero-
genic lipids within the target range. Among patients with
LDL-C below the target level, 12.4% had Lp(a)>30 mg/
dL, and 19.1% had RC>0.78 mmol/L. Moreover, the fol-
low-up measurement revealed that 45.1% of the patients
had an increase in Lp(a) compared to the baseline.
Recent studies have reported conflicting effects of statins
on plasma Lp(a) levels [19, 20]. A body of evidence indi-
cates that elevated levels of Lp(a) are linked to a height-
ened risk of cardiovascular events in patients with
documented cardiovascular disease, regardless of LDL-C
levels. A recent study demonstrated approximately 6-fold
atherogenicity of Lp(a) greater than that of LDL-C on a
per-particle basis [21]. Nevertheless, whether and to
what extent an increase in Lp(a) following a specific LLT
is clinically relevant warrants further investigation. A
mild reduction in median RC was observed in the present
study, which was consistent with results from the TNT
trial [22]. Notably, the elevation of RC level was noted in
22% of patients. Multiple epidemiological studies report

Number of comorbidities HR (95%Cl) P value
LDL-C i
0 Ref
1 - E 0.604(0.507-0.719) <0.001
2 - ' 0.561(0.479-0.658) <0.001
>3 - E 0.496(0.427-0.576) <0.001
Lp(a) |
0 ' Ref
1 —-—i 0.839(0.709-0.992) 0.040
2 —-— | 0.770(0.654-0.906) 0.002
>3 —-— E 0.774(0.662-0.905) 0.001
RC ;
0 ; Ref
1 —=—  1.049(0.905-1.216) 0.528
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Fig. 4 Association between the number of comorbidities and achievement of LDL-C < 1.8 mmol/L, Lp(a) < 30 mg/dL, and RC<0.78 mmol/L
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statistically significant associations between TRLs and
incident ASCVD [22, 23]. Unlike LDL-C particles, which
require chemical modification to enter the arterial wall,
TRLs can be taken up by peripheral macrophages via the
VLDL receptor without modification, leading to a sub-
stantially greater atherogenicity than LDL-C [24]. As for
per particle reduction, the beneficial effect will probably
be greater for TRLs than for LDL-C. To this end, target-
ing Lp(a) and TRLs beyond LDL-C may potentially yield
a more pronounced reduction in ASCVD risk, aligning
with the objective of LLT.

Optimal lipid control depends on adequate testing and
guidance of the lipid panels. Up to now, clinicians com-
monly consider LDL-C as the best marker of pro-athero-
genic lipids and monitor this parameter most frequently
while overlooking other lipids. In the present analysis,
only about one-third of enrolled patients obtained com-
plete lipid profiles, including TC, TG, LDL-C, ApoB, and
Lp(a). LDL-C might not fully reflect the total atherogenic
burden in individuals with conditions such as meta-
bolic syndrome, elevated triglycerides, diabetes, obesity,
or very low LDL-C levels. Therefore, the comprehen-
sive phenotype of atherogenic lipids may offer profound
insights into the response to LLT and optimise lipid man-
agement in very high-risk populations, thereby support-
ing and extending the recent recommendation, which
underscores LDL-C measurement as a performance met-
ric for lipid control [25]. Further investigations are war-
ranted to explore the range of lipid components for risk
evaluation, the incorporation of treatment targets, and
cost-effectiveness comparisons.

The suboptimal control of LDL-C target in secondary
prevention is ubiquitous. In the present study, only 42.7%
of patients had LDL-C<1.8mmol/L during the 12-month
follow-up, in line with the findings from observational
Dyslipidemia International Study II that 41.7% of patients
with ACS had their LDL-C<1.8mmol/L at four months
post-discharge [26]. In a study of the National Health and
Nutrition Examination Survey to estimate lipid control
among US adults, 34.8% of patients with self-reported
coronary artery disease receiving statin therapy have an
LDL-C<1.8 mmol/L [27]. In a retrospective cohort study
from an Australian ACS registry, 45% of participants had
not achieved lipid targets despite 73% being prescribed
intensive LLT at discharge [28]. Notably, the simultane-
ous reduction of LDL-C by >50% from baseline levels
upon target value achievement poses a greater challenge.
In the present study, only 13.2% of patients met the com-
bined criteria, which is consistent with a recent subgroup
analysis of an ACS study where 22.2% achieved an LDL-C
goal of <55 mg/dL but only 12.7% additionally reduced
the LDL-C value>50% from baseline levels [29]. A sub-
stantial gap exists between the actual control of LDL-C
and the high proportion of LLT at discharge in our study,
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possibly attributed to several reasons. Firstly, the LDL-C
target is determined based on risk stratification, and a
“treat to target” approach is recommended by current
Chinese guidelines. However, initiation with moderate-
intensity statins may require up to three adjustment
stages for target achievement, according to analyses from
recent simulation studies [30, 31]. Patients often show
a reluctance to adjust lipid-lowering regimens in real-
world settings [32]. The need for multiple visits, blood
draws, and medication adjustments may also contribute
to significant impairment to physician engagement with
guidelines. Secondly, to achieve at least a 50% reduc-
tion in LDL-C levels for secondary prevention, lifestyle
modifications and treatment with high-intensity statins
are recommended by European and American guide-
lines [3, 13]. However, a meta-analysis utilising individ-
ual patient data from 8 randomised controlled trials on
statins revealed that even with high-dose statin therapy,
40.4% of patients did not achieve the LDL-C target of
<1.8 mmol/L and 78.3% did not reach the even lower tar-
get of <50 mg/dL [33]. In the SWEDEHEART study con-
ducted in the patients with AMI, 82.9% had not attained
the target of an LDL-C level of <1.4 mmol/L and a>50%
LDL-C level reduction despite 86.6% of enrolled patients
receiving high-intensity statin. From a population per-
spective, the utilisation of high-intensity statins appeared
insufficient in fulfilling guideline recommendations ade-
quately and was found to significantly increase the risk of
statin intolerance [34]. Accumulated evidence from stud-
ies has shown that PSCK9i (monoclonal antibodies and
small interfering ribonucleic acid) significantly reduce
LDL-C and the occurrence of major adverse cardiovas-
cular events when these therapies were added to statins
in patients with ACS [35, 36]. AT-TARGET-IT registry
showed that 68.3% of patients receiving PCSK9i pre-
scription achieved LDL-C target. [37, 38]. Therefore, new
LLTs hold a potential promise when statin intolerance
or inadequate lipid-lowering efficacy with high-intensity
statins is encountered.

A significant impact of comorbidities on the control of
LDL-C levels was observed. Our study showed that an
increase in the number of comorbidities was negatively
associated with LDL-C and Lp(a) in the target range, sim-
ilar to findings from other studies [39, 40]. The presence
of comorbidities not only indicates greater complexity
and poorer prognosis but also suggests increased medi-
cation burden, administration fragmentation, and poor
quality of management due to the involvement of other
specialities in managing non-cardiovascular comorbidi-
ties. Notably, patients with baseline hypercholesterol-
emia (LDL-C>3.4 mmol/L) were less likely to achieve
the target, considering a moderate intensity of statin
may not be sufficient to achieve the target. The results of
EUROASPIRE V suggest that the lower the pre-treatment



Yang et al. Lipids in Health and Disease (2024) 23:271

LDL-C level, the smaller the percentage of LDL-C reduc-
tion for a given statin dose [41]. Therefore, baseline
phenotype, including LDL-C, must be considered as
a key factor in individualised LLT. The findings of our
study indicated that a significantly higher proportion of
patients (82.9%) were classified as being at very high-risk
compared to the prevalence observed among individuals
with ASCVD (55.3%) [42]. In contrast to the requirement
for lower LDL-C levels, these patients exhibited a lower
rate of achievement. Our findings demonstrated a posi-
tive correlation between an increasing number of comor-
bid conditions and a heightened risk of failing to attain
lipid targets, thereby offering valuable insights into the
impact of comorbidities on medical adherence and thera-
peutic response.

Clinical implications

The therapeutic paradigm shift aims to not only enhance
patient adherence for long-term achievement of the
LDL-C target but also address the residual lipid risk
associated with other lipids. It can be postulated that a
reduction of all atherogenic lipids with combined lipid-
lowering drugs or medications targeting multiple lipids
would confer greater advantages. The analysis from the
VYMET study revealed that the combination of statins
and cholesterol absorption inhibitors significantly aug-
mented the achievement of triple targets of LDL-C, non-
HDL-C, and ApoB in comparison to high-intensity statin
therapy alone [43]. In addition, PCSK9 inhibitors exert
pleiotropic effects by not only potent reduction of LDL-C
[44] but also a substantial decrease of atherogenic lipids
targeting non-HDL-C, Lp(a), and ApoB [45-47]. More-
over, they may offer additional advantages over high-
intensity statins in terms of mitigating the elevated risk
of diabetes.

By characterising predictors of goal attainment for the
management of patients with ACS, the present study
nevertheless provides important insights that may inform
researchers and practitioners regarding which patients
are less likely to achieve lipid control despite similar
medical strategies. In patients with the potential of ele-
vated Lp(a) or RC, surveillance following statin therapy
may be useful in understanding residual risk or recurrent
events in such patients. Our findings may help guide tai-
lored efforts to improve goal attainment in clinical prac-
tice based on the individual lipid profile.

Taken together, LDL-C control remains suboptimal,
especially in high-risk and multimorbid individuals.
Moreover, patients undergoing statin therapy still exhibit
a relatively high residual risk. Therefore, the compre-
hensive assessment and management of atherogenic lip-
ids using innovative agents and medical strategies are
imperative. Future research should involve longer-term,
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larger, and multi-ethnic prospective studies to validate
our perspectives.

Limitation

Some limitations of the study merit consideration. First,
due to the retrospective nature of the study, complete
information regarding medication adjustment by phy-
sicians and patient adherence was not available. Hence,
the determination of causality between low achieve-
ment rates and these factors is impossible. Second, data
on hard CV endpoints such as MI and stroke are lack-
ing. However, failing to achieve guideline-recommended
targets implies an increased risk of recurrent cardiovas-
cular events. Therefore, the use of achievement rates as
surrogate endpoints is appropriate. Third, the follow-up
records obtained were limited to the hospitals where the
index treatment for ACS occurred and did not include
information on patients’ records at other hospitals.
Fourth, the study only included patients with follow-
up records. Therefore, these results may not necessarily
apply to those without measurement records. The con-
clusions of this study cannot be generalised to other
ethnic groups or clinical settings. Hence, caution is war-
ranted when interpreting and applying these findings.

Conclusion

The current management paradigm of atherogenic lipo-
proteins and lipids is suboptimal. Elevated Lp(a) and
RC upon statin therapy may confer residual risk beyond
LDL-C. Therefore, novel therapeutics targeting the whole
atherogenic lipid profile are warranted to improve car-
diovascular outcomes.
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