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Abstract

Background: Some individuals who maintain desirable low-density lipoprotein cholesterol (LDL-C) levels still experience the progres-
sion of atherosclerosis, which may eventually lead to cardiovascular events. Non-high-density lipoprotein cholesterol (non-HDL-C)
levels are quantified to assess residual risk in statin-treated patients with coronary heart disease. The study aimed to estimate the predic-
tive performance of discordance between non-HDL-C and LDL-C on clinical prognosis in statin-treated patients with previous coronary
artery bypass grafting (CABG).Methods: 468 statin-treated patients with previous CABG undergoing percutaneous coronary interven-
tion (PCI) as a secondary coronary treatment due to acute coronary syndrome (ACS) were retrospectively enrolled in this study. The
definition of major adverse cardiovascular events (MACEs) was a composite endpoint of cardiovascular death, recurring myocardial in-
farction, and a need for repeat revascularization. Cox proportional hazards modeling, restricted cubic splines regression, and discordance
analysis were conducted to the association between all lipid parameters and the occurrence of MACEs. Discordant values were defined
as LDL-C concentrations ≤1.8 mmol/L accompanied by non-HDL-C >2.6 mmol/L. Results: MACEs occurred in 95 patients over a
median follow-up period of 744.5 days. Cox models demonstrated that increased concentrations of non-HDL-C and LDL-C levels were
independent risk indicators of MACEs (p< 0.001). The restricted cubic spline analysis revealed a linear relationship between non-HDL-
C concentrations and MACEs (p-nonlinear: 0.26), whereas a nonlinear relationship was observed between LDL-C concentrations and
MACEs (p < 0.01). In the subgroup analysis, the spline curves revealed that the odds of the individuals with desirable LDL-C levels
suffering MACEs emerged when non-HDL-C levels were above 2.07 mmol/L. Individuals who exhibited discordance involving high
non-HDL-C/low LDL-C levels had an elevated risk of experiencing MACEs compared to those with concordantly low LDL-C and low
non-HDL-C levels [hazard ratios (HRs) = 2.44, 95% confidence interval (CI) = 1.14–5.22, p = 0.02]. Conclusions: Non-HDL-C levels
could predict the residual risk of MACEs in ACS patients with previous CABG and statin therapy that underwent percutaneous coronary
intervention. A discordance between non-HDL-C and LDL-C in individuals with desirable LDL-C levels could be useful in identifying
those with a residual risk of cardiovascular complications.
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1. Introduction
Generally, low-density lipoprotein cholesterol (LDL-

C) levels above a certain threshold are a well-known risk
indicator for contributing to atherosclerotic cardiovascular
disease (ASCVD). Lowering such levels is a paramount
therapeutic goal of the guidelines drafted for managing hy-
percholesterolemia [1,2]. However, in high triglyceride
levels and metabolic diseases such as obesity, metabolic
syndrome, gout, and diabetes mellitus, some individuals
who maintain desirable LDL-C values still encounter the
exacerbation of atherosclerosis, which may eventually lead
to cardiovascular events [3–5]. Additionally, non-high-
density lipoprotein cholesterol (non-HDL-C) can contribute

to the atherogenic risk caused by various atherogenic risk
components of remnant lipoprotein particles and is an ac-
ceptable surrogate marker for apolipoprotein B [3,6,7]. An
increasing body of evidence, supported by earlier studies,
has demonstrated that measuring non-HDL-C levels is su-
perior to quantifying LDL-C in identifying statin-treated
individuals with a higher residual risk of ASCVD who
may require more intensive therapy; such measurements
are already recommended by treatment guidelines [4,8–10].
Many studies have discovered that a certain proportion of
individuals with optimal LDL-C levels exhibit unexpect-
edly high non-HDL-C levels, coupledwith high triglyceride
levels, or metabolic syndrome and diabetes [5,11]. Previous
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studies have postulated that the phenomenon of high non-
HDL-C with low LDL-C is termed as the discordance and
may reflect a greater residual ASCVD risk, regardless of
whether an individual is undergoing lipid-lowering therapy
[8,10].

Patients with previous coronary artery bypass grafting
(CABG) surgery experience an accelerated progression of
atherosclerosis, which can further increase the incidence of
recurrent cardiovascular (CV) events [12–14]. A previous
study has discovered a better predictive value of non-HDL-
C in terms of CV risk than LDL-C levels in this population.
However, most of the participants in that study were not un-
dergoing routine statin treatment [15]. Therefore, few stud-
ies have investigated whether a discordance of non-HDL-C
levels and LDL-C levels correlated with elevated CV risk
in statin-treated individuals with previous CABG compared
with the risk in those with concordant levels of the two
factors. Given these contemplations, the first objective of
this study is to examine the association of serum concen-
trations of non-HDL-C with CV events among post-CABG
individuals who received secondary percutaneous coronary
intervention (PCI) treatment. The second objective was to
determine whether a discordance between non-HDL-C and
LDL-C levels affects prognosis.

2. Materials and Methods
2.1 Study Participants and Inclusion Criteria

We retrospectively recruited 480 consecutive partici-
pants with previous CABG from 14,288 patients who un-
derwent coronary interventions as secondary revascular-
ization due to acute coronary syndrome (ACS) at Bei-
jing Chaoyang Hospital between January 2015 and De-
cember 2020. The inclusion criteria included: (i) diagno-
sis of ACS, including the presence of symptoms related
to coronary ischemia and ST-segment elevation or depres-
sion on the electrocardiogram (ECG), with or without ele-
vated levels of cardiac troponins; and (ii) an initial dose of a
cholesterol-lowering drug for 6–8 weeks before admission
prescribed for all eligible participants based on their risk-
stratification and lipid-lowering efficiency of the drugs.
The patients’ risk-stratification and target LDL-C levels
were based on the management of dyslipidemia guidelines
recommended by the 2019 European Society of Cardiol-
ogy/European Atherosclerosis Society (ESC/EAS) [1]. The
excluded standard includes a shortage of therapeutic statin
data, an expected remaining lifespan of 6 months or less,
and end-stage of liver cirrhosis. A total of 468 statin-treated
participants with a history of CABG, who underwent PCI,
were finally included in this retrospective study, while 7
cases with incomplete statin course and 5 cases with miss-
ing follow-up were excluded (see Supplementary Fig. 1).
This study complied with the principles of the Declaration
of Helsinki and the Beijing Chaoyang Hospital institution’s
ethical policies. The informed consent was dispensable be-
cause of the retrospective feature of the study.

2.2 Collection of Demographic Data and Calculation of
Lipid Parameters

Demographic data were gathered from Beijing
Chaoyang Hospital’s electronic database and included age,
gender, atherosclerotic risk factors, major diagnosis, labo-
ratory variables, vital signs at discharge, and postoperative
medication. The fasting serum levels of total cholesterol
(TC), HDL-C, triglyceride (TG), and apolipoprotein A
were measured within 24 hours of admission and used to
help calibrate the doses of lipid-lowering drugs to achieve
LDL-C goals for different patients. LDL-C was calculated
by the classical Friedewald method [16]. The calcula-
tion of non-HDL-C at admission was conducted as total
cholesterol minus HDL-C. Meanwhile, we also collected
detailed information regarding the history of PCI before
or after CABG. The clinical risk in the setting of ACS
and previous CABG was estimated by two independent
clinicians based on the Global Registry of Acute Coronary
Events (GRACE) risk score [17].

The target of lipid-lowing treatment for patients with
multivessel disease was LDL-C ≤1.8 mmol/L and non-
HDL-C ≤2.6 mmol/L, respectively, according to the rec-
ommendations of the guidelines mentioned above. All en-
rolled patients after enrolment in this study were strati-
fied into two mutually exclusive concordance/discordance
groups: low/low (LDL-C level ≤1.8 mmol/L and non-
HDL-C level ≤2.6 mmol/L), low/high (LDL-C level ≤1.8
mmol/L and non-HDL-C level >2.6 mmol/L), high/low
(LDL-C level >1.8 mmol/L and non-HDL-C level ≤2.6
mmol/L), and high/high (LDL-C level >1.8 mmol/L and
non-HDL-C level >2.6 mmol/L).

2.3 Intervention Procedure and Coronary Complication

Angiography and angioplasty were implemented by a
senior interventionist who had independently completed at
least 300 interventions per year. The interventionist imple-
mented an intervention strategy that includes drug-coated
balloon (DCB) angioplasty, stent implantation, or plain old
balloon angioplasty (POBA) according to the type of lesion.
Coronary angiography and intervention procedure were ret-
rospectively reviewed by two cardiologists (Dr. Li and Dr.
He); the factors included the culprit vessel, type of angio-
plasty, and serious coronary complications. Serious coro-
nary complications include acute coronary occlusion be-
cause of in-stent thrombus or coronary dissection and coro-
nary penetration.

2.4 Outcomes Ascertainment

The term major adverse cardiovascular events
(MACEs) was a composite endpoint of cardiac mortality,
recurrent non-fatal myocardial infarction (MI), and the
need for repeated revascularization (defined as that driven
by symptoms of clinical ischemia). However, the planned
staged PCI was not taken into consideration for revas-

2

https://www.imrpress.com


cularization. The documentation of individuals’ clinical
adverse events was conducted via telephone conversations,
outpatient visits, or inpatient records.

2.5 Statistical Analysis
Continuous variables were summarized as median (in-

terquartile range [IQR]) and categorical variables as fre-
quency and percentage. The Student’s t-test, analysis of
variance (ANOVA), and Chi-Squared test were performed
for continuous and categorical variables, as appropriate, to
compare baseline characteristics among groups. Kaplan-
Meier method with log-rank test was used to estimate sur-
vival discrepancies among different lipid groups. The Cox
regression analysis was performed to determine the pre-
dictive values of the serum lipid parameters as a continu-
ous scale for MACEs after modifying for baseline age, sex,
body mass index (BMI), conventional risk variables, vital
signs at discharge, vein grafting PCI, and lipid-lowering
therapy. Hazard ratios (HRs) were applied for standardized
increments of 1 standard deviation (SD) of the continuous
variables to estimate the independent association of differ-
ent serum lipid indices with clinical CV events. Restricted
cubic splines (RCS) with three knots at the 5th, 50th, and
95th percentiles were performed to explore and visualize
the relation of LDL-C or non-HDL-C levels with different
CV outcomes in the setting of previous CABG and statin
therapy based on the above Cox proportional hazards mod-
els [18].

Meanwhile, cubic splines were described between
non-HDL-C and outcomes at low/high LDL levels to ex-
plore the cut-off values. The variance inflation factor (VIF)
was used to identify multicollinearity, and a VIF <10 in-
dicated the possibility of low intercorrelations among inde-
pendent parameters in the multivariable regression model.
The Cox model was applied to estimate whether the discor-
dance was related to the occurrence of MACE in the discor-
dance analyses. All statistical analyses were done using R
version 4.1.0 software (R Foundation for Statistical Com-
puting, Vienna, Austria), and a two-tailed p-value of≤0.05
was considered statistically significant.

3. Results
3.1 Clinical and Procedural Baseline Characteristics

All participants were categorized into the following
two groups based on the occurrence of CV complications:
the MACE group and the non-MACE group. The patients’
baseline clinical and procedural characteristics are shown
in Table 1. Participants in the MACE group had a more
elevated frequency of saphenous grafting interventions (p
= 0.06) and stent implantation (p < 0.01) compared with
the non-MACE group regarding procedural characteristics.
Meanwhile, a similar incidence of coronary complications
occurred among these two groups.

The median LDL-C and non-HDL-C concentrations
were 1.90 mmol/L and 2.60 mmol/L among all patients

receiving statins therapy (including 79.9% atorvastatin,
18.8% rosuvastatin, and 1.3% other statins), respectively.
Of all patients with previous CABG, 76 (16.2%) presented
discordant, and 24 (5.1%) with low LDL-C had increasing
levels of non-HDL-C (shown in Table 2). A significantly
lower proportion of the patients with discordantly high non-
HDL-C and low LDL-C levels were male than female (p =
0.02), and they exhibited an increased erythrocyte sedimen-
tation rate (p < 0.001) and a higher BMI (p = 0.02). The
treatment frequencies with beta-blockers and statin therapy
were similar, without significant discrepancy in other char-
acteristics among the discordance/concordance groups.

3.2 Association between Different Lipid Parameters and
MACEs

Over the median follow-up period of 744.5 days, 95
(20.2%) patients suffered MACEs, comprising 15 (3.2%)
CV deaths, 16 (3.4%) recurrent non-fatal Mis, and 72
(15.4%) repeated revascularizations. The survival curves
for MACE, CV death/re-infarction, and repeated revascu-
larization in patients with high non-HDL-C levels declined
lowlier than the ones with low non-HDL-C (Log-rank test:
p = 0.0025, 0.0084, and 0.029, respectively, shown in
Fig. 1). When the median LDL-C value stratified the co-
hort, similar trends were observed in high LDL levels re-
garding MACE and revascularization (Log-rank test: p =
0.029 and 0.047, respectively) whereas none for the inci-
dence of CV death/re-infarction.

Table 3 shows the association between the lipid pa-
rameters and MACE performing Cox regression analyses.
In Model 1, after adjustment for confounding factors (age,
gender, BMI, left ventricular ejection fraction (LVEF), peak
level of cardiac troponin I (cTnI)), multivariate analysis in-
dicated that non-HDL-C exhibits a superior to LDL-C for
the prediction of MACEs (HRs = 1.62 per 1-SD increment
in non-HDL-C level vs. 1.50 per 1-SD increment in LDL-C
level), death/re-infarction (HRs = 1.88 per 1-SD increment
in non-HDL-C level vs. 1.82 per 1-SD increment in LDL-
C level), and revascularization (HRs = 1.48 per 1-SD in-
crement in non-HDL-C level vs. 1.37 per 1-SD increment
in LDL-C level). Similar associations were observed when
vein grafting PCI, clinical vital signs, and creatinine clear-
ance rates were incorporated intoModel 2, which controlled
for the confounders identified in Model 1. Additionally, in
Model 3, the predictive ability of these lipid indices was
analyzed after adjustment for statin treatment and use of
beta-blockers as confounding factors in addition to Model
2. Even though those parameters related to CV outcomes
in patients with previous CABG were taken into consider-
ation, the non-HDL-C level retained its advantageous pre-
dictive probability regarding the occurrence of MACE, CV
deaths/re-infarction, and revascularization compared with
that of the other lipid parameters (HRs = 1.52, 1.65, and
1.42 per 1-SD increment in non-HDL-C levels for the three
outcomes, respectively). Regarding the multicollinearity,
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Table 1. Baseline characteristic.
Factor Total MACE Non-MACE p-value

N (%) 468 95 (20.2%) 373 (70.5%)
Age (year) 68 (62, 75) 68 (62, 76) 68 (62, 75) 0.93
Male, n (%) 378 (80.8%) 74 (77.9%) 304 (86.3%) 0.51
BMI (kg/m2) 26.3 (24.2, 28.3) 26.6 (24.7, 28.3) 26.2 (24.2, 28.4) 0.51
Diagnosis, n (%) <0.01

STEMI 56 (12.0%) 23 (24.2%) 33 (8.9%)
NSTEMI 83 (17.7%) 12 (12.6%) 71 (19.0%)
Unstable angina 329 (70.3%) 60 (63.2%) 269 (72.1%)

LVEF, % 62 (55, 68) 61 (55, 67) 62 (55, 68) 0.39
Discharge heart rate (beats/min) 69 (61, 76) 67 (61, 75) 70 (61, 76) 0.24
Discharge systolic blood pressure (mmHg) 134 (19.1) 134 (19.5) 134 (18.9) 0.89
Discharge diastolic blood pressure (mmHg) 74 (67, 80) 74 (67, 80) 73 (67, 80) 0.93
Previous MI, n (%) 145 (31.0%) 33 (34.7%) 112 (30.0%) 0.45
No history of PCI, n (%) 321 (68.6%) 61 (64.2%) 260 (69.7%) 0.41
History of PCI before CABG, n (%) 38 (8.1%) 7 (7.4%) 31 (8.3%)
History of PCI after CABG, n (%) 109 (23.3%) 27 (28.4%) 82 (22.0%)
History of stroke, n (%) 69 (14.7%) 13 (13.7%) 56 (15.0%) 0.18
Diabetes mellitus, n (%) 213 (45.5%) 43 (45.3%) 170 (45.6%) 1.0
Hypertension, n (%) 349 (74.6%) 71 (74.7%) 278 (74.5%) 1.0
Smoker, n (%) 278 (59.4%) 62 (65.3%) 216 (57.9%) 0.24
Procedural characteristic

Culprit artery, n (%) 0.06
LAD, n (%) 79 (16.9%) 13 (13.7%) 66 (17.7%)
LCX, n (%) 104 (22.2%) 20 (21.1%) 84 (22.5%)
RCA, n (%) 173 (37.0%) 29 (30.5%) 144 (38.6%)
LM, n (%) 32 (6.8%) 7 (7.4%) 25 (6.7%)
AO-SVG-LAD, n (%) 12 (2.6%) 2 (2.1%) 10 (2.7%)
AO-SVG-LCX, n (%) 34 (7.3%) 13 (13.7%) 21 (5.6%)
AO-SVG-RCA, n (%) 34 (7.3%) 11 (11.6%) 23 (6.2%)

Type of angioplasty <0.01
DES, n (%) 354 (75.6%) 86 (90.5%) 268 (71.8%)
DCB, n (%) 105 (22.4%) 9 (9.4%) 96 (25.7%)
POBA, n (%) 9 (1.9%) 0 (0.0%) 9 (2.4%)

Coronary complication
Coronary dissection, n (%) 5 (1.1%) 0 (0.0%) 5 (1.3%) 0.56
Acute in-stent thrombus, n (%) 1 (0.2%) 1 (1.0%) 0 (0.0%) 0.46
Coronary penetration, n (%) 2 (0.4%) 1 (1.0%) 1 (0.2%) 0.87

Statin treatment 0.92
Atorvastatin, n (%) 374 (79.9%) 75 (78.9%) 299 (80.2%)
Rosuvastatin, n (%) 88 (18.8%) 19 (20.0%) 69 (18.5%)
Other statins, n (%) 6 (1.3%) 1 (1.1%) 5 (1.3%)

Laboratory test
Hemoglobin (g/L) 131 (17.3) 132 (16.2) 131.2 (17.6) 0.61
Total cholesterol (mmol/L) 3.57 (3.09, 4.22) 3.69 (3.09, 4.37) 3.56 (3.11, 4.18) 0.46
LDL-C (mmol/L) 1.9 (1.58, 2.46) 1.9 (1.50, 2.55) 1.9 (1.59, 2.4) 0.98
HDL-C (mmol/L) 0.96 (0.80, 1.10) 1.00 (0.80, 1.10) 0.95 (0.80, 1.10) 0.62
Triglyceride (mmol/L) 1.37 (0.97, 1.93) 1.49 (0.97, 2.08) 1.36 (0.97, 1.89) 0.59
Non-HDL-C (mmol/L) 2.60 (2.11, 3.20) 2.70 (2.14, 3.34) 2.56 (2.09, 3.16) 0.21
Lipoprotein (a) (mmol/L) 19.6 (9.0, 37.5) 21.6 (11.1, 44.4) 19.1 (8.8, 35.0) 0.30
HbA1c (%) 6.65 (6.0, 7.93) 6.50 (5.90, 7.75) 6.70 (6.00, 8.00) 0.48
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Table 1. Continnued.

Factor Total MACE Non-MACE p-value

Brain natriuretic peptide (pg/mL) 185 (73, 647) 208 (83, 957) 184 (72, 565) 0.13

Hs-CRP (mg/dL) 2.74 (0.99, 4.77) 2.36 (0.92, 4.83) 2.91 (1.00, 4.77) 0.74

ESR (mm/h) 6.0 (2.0, 12.2) 6 (2, 13) 6 (2, 12) 0.86

Creatinine (umol/L) 78.1 (66.9, 90.8) 83.7 (70.7, 97.1) 76.4 (66.4, 89.2) <0.01

GRACE risk score 95 (79, 112) 94 (79, 110) 94 (79, 110) 0.38

Medication at discharge

Aspirin, n (%) 464 (99.2%) 94 (98.9%) 370 (99.2%) 1.0

Clopidogrel, n (%) 459 (98.1%) 95 (100.0%) 364 (97.6%) 0.06

ACEI/ARB, n (%) 178 (38.0%) 33 (34.7%) 145 (38.9%) <0.01

β-blocker, n (%) 347 (74.2%) 62 (65.3%) 285 (76.4%) 0.04

Note: N and n, numbers of eligible patients; BMI, body mass index; NSTEMI, non ST-segment elevated myocardial
infraction; STEMI, ST-segment elevatedmyocardial infraction; LVEF, left ventricular ejection fraction; MI, myocar-
dial infarction; PCI, percutaneous coronary intervention; LAD, left anterior descending coronary artery; LCX, left
circumflex coronary artery; RCA, right coronary artery; LM, left main coronary artery; AO, ascending aorta; SVG,
saphenous vein grafting; DES, drug-eluting stent; DCB, drug-coated balloon; POBA, plain old balloon angioplasty;
LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; Hs-CRP, high-sensitivity
C-reactive protein; ESR, erythrocyte sedimentation rate; GRACE risk score, global registry of acute coronary events
risk score; ACEI, angiotensin converting enzyme inhibitors; ARB, angiotensin receptor blocker; MACE, major ad-
verse cardiovascular event; CABG, coronary artery bypass grafting; HbA1c, hemoglobinA1c.

Fig. 1. Kaplan-Meier survival curves for MACE in ACS and statin-treated patients with a history of CABG. (A–C) Kaplan-Meier
survival curves for the incidence of MACE, CV mortality/re-infarction, and revascularization, respectively, in two groups stratified
according to the median non-HDL-C level (2.6 mmol/L). (D–F) Kaplan-Meier survival curves for MACE, CV mortality/re-infarction,
and revascularization, respectively, between two groups stratified according to the mean LDL-C level (1.9 mmol/L). MACE, major
adverse cardiovascular event; CABG, coronary artery bypass grafting; CV, cardiovascular; non-HDL-C, non-high-density lipoprotein
cholesterol; LDL-C, low-density lipoprotein cholesterol; ACS, acute coronary syndrome.
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Table 2. Baseline characteristic of the discordance/concordance groups.

Factor
Low LDL-C (≤1.8 mmol/L) High LDL-C (>1.8 mmol/L) p-value

Low non-HDL-C (≤2.6 mmol/L) High non-HDL-C (>2.6 mmol/L) Low non-HDL-C (≤2.6 mmol/L) High non-HDL-C (>2.6 mmol/L)
N (%) 183 (43.8%) 24 (5.1%) 52 (11.1%) 209 (44.7%)
Age (year) 67 (62, 73.5) 69 (65.8, 75.3) 68 (61, 77.3) 69 (62, 76) 0.58
Male, n (%) 159 (86.9%) 16 (66.7%) 44 (84.6%) 159 (76.1%) 0.02
BMI (kg/m2) 25.8 (23.7, 27.7) 27.0 (24.8, 28.3) 26.1 (24.9, 27.7) 26.6 (24.6, 28.7) 0.02
Diagnosis, n (%) 0.46

STEMI 16 (8.7%) 3 (12.5%) 6 (11.5%) 31 (14.8%)
NSTEMI 28 (15.3%) 4 (16.7%) 10 (19.2%) 41 (19.6%)
Unstable angina 139 (75.9%) 17 (70.8%) 36 (69.2%) 137 (65.6%)

LVEF, % 62 (55, 68) 62 (55.8, 66) 60.5 (53.7, 68) 62 (55, 68) 0.63
Discharge heart rate (beats/min) 68 (61, 75) 66.5 (62.3, 77) 70 (60.8, 78.0) 68 (62, 78) 0.84
Discharge systolic blood pressure (mmHg) 132 (17.6) 138 (20.8) 137 (20.9) 134 (19.6) 0.32
Discharge diastolic blood pressure (mmHg) 75 (67, 80) 78 (64.8, 80.3) 72 (67.8, 80.0) 72 (67, 80) 0.93
Previous MI, n (%) 54 (29.5%) 4 (16.7%) 23 (44.2%) 64 (30.6%) 0.07
No previous PCI, n (%) 54 (29.5%) 7 (29.2%) 17 (32.6%) 69 (33.0%) 0.54
Previous PCI before CABG, n (%) 14 (7.6%) 3 (12.5%) 7 (13.5%) 14 (6.7%)
Previous PCI after CABG, n (%) 40 (21.9%) 4 (16.7%) 10 (19.2%) 55 (26.3%)
History of stroke, n (%) 24 (13.1%) 3 (12.5%) 7 (13.46%) 35 (16.8%) 0.75
Diabetes mellitus, n (%) 85 (46.4%) 11 (45.8%) 22 (42.3%) 95 (45.5%) 0.96
Hypertension, n (%) 131 (71.6%) 19 (79.2) 37 (71.1%) 162 (77.5%) 0.49
Smoker, n (%) 117 (63.9%) 15 (62.5%) 26 (50.0%) 120 (57.4%) 0.27
Statin treatment 0.43

Atorvastatin, n (%) 156 (85.3%) 19 (79.2%) 40 (76.9%) 159 (76.1%)
Rosuvastatin, n (%) 25 (13.6%) 5 (20.8%) 11 (21.2%) 47 (22.5%)
Other statins, n (%) 2 (1.0%) 0 (0%) 1 (1.9%) 3 (1.4%)

Laboratory test
Hemoglobin (g/L) 129 (17.5) 127 (19.5) 134 (15.3) 133 (17.0) 0.03
Total cholesterol (mmol/L) 3.04 (2.66, 3.29) 3.84 (3.56, 4.49) 3.38 (3.21, 3.56) 4.24 (3.87, 4.66) <0.001
HDL-C (mmol/L) 0.95 (0.80, 1.11) 0.80 (0.79, 1.06) 0.96 (0.80, 1.20) 1.0 (0.84, 1.10) 0.22
Triglyceride (mmol/L) 1.04 (0.77, 1.46) 2.86 (1.49, 4.10) 1.20 (0.89, 1.59) 1.64 (1.23, 2.34) <0.001
Lipoprotein (a) (mmol/L) 19.5 (8.4, 34.2) 22.0 (10.3, 34.4) 24.2 (10.33, 36.6) 18.8 (9.2, 39.6) 0.63
HbA1c (%) 6.60 (6.00, 7.90) 7.10 (6.30, 8.20) 6.3 (5.87, 7.12) 6.70 (6.00,8.00) 0.11
Brain natriuretic peptide (pg/mL) 208 (83, 718) 103 (51, 488) 182 (75, 675) 174 (73, 616) 0.53
Creatinine (umol/L) 79.0 (68.2, 90.3) 82.5 (66.8, 104.7) 77.1 (66.9, 85.6) 76.8 (65.9, 91.5) 0.54
Hs-CRP (mg/dL) 2.15 (0.77, 4.77) 2.99 (0.79, 4.77) 2.58 (0.80, 4.77) 3.26 (1.31, 4.77) 0.10
ESR (mm/h) 4 (2, 10) 10 (3.5, 15) 5 (2, 12.3) 9 (3, 15) <0.001
GRACE risk score 92 (79, 103) 88 (78.5, 111.5) 95 (82.5, 113.5) 97 (79, 114) 0.28

Discharge medication
Aspirin, n (%) 182 (99.5%) 24 (100%) 51 (98.1%) 207 (99.04) 0.76
Clopidogrel, n (%) 182 (99.5%) 24 (100%) 50 (96.2%) 203 (97.0%) 0.22
β-blocker, n (%) 136 (74.3%) 16 (66.7%) 38 (73.1%) 157 (75.1%) 0.84
ACEI/ARB, n (%) 62 (33.9%) 13 (54.2%) 22 (42.3%) 81 (38.7%) 0.21

Abbreviation: N and n, numbers of patients; BMI, body mass index; STEMI, ST-segment elevated myocardial infraction; NSTEM, non ST-segment elevated myocardial infraction; LVEF, left ventricular
ejection fraction; MI, myocardial infarction; PCI, percutaneous coronary intervention; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; Hs-CRP, high-sensitivity
C-reactive protein; ESR, erythrocyte sedimentation rate; GRACE risk score, global registry of acute coronary events risk score; ACEI, angiotensin converting enzyme inhibitors; ARB, angiotensin receptor
blocker; HbA1c, hemoglobinA1c; CABG, coronary artery bypass grafting.
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Fig. 2. The restricted cubic spline regression lines between two lipid parameters and CV events. (A–C) A roughly linear relation-
ship was evidenced for non-HDL-C levels and MACEs, CV death/re-infarction, and revascularization, respectively. (D–F) A roughly
nonlinear relationship was presented for LDL-C levels and MACE, CV death/re-infarction, and revascularization, respectively. CV, car-
diovascular; non-HDL-C, non-high-density lipoprotein cholesterol; MACEs, major adverse cardiovascular events; LDL-C, low-density
lipoprotein cholesterol; HR, hazard ratio.

the VIF lower than 10 in Model 3 indicated the absence
of strong interactions between the lipid variables and other
confounding factors.

3.3 RCS and Discordance Analysis
RCS was utilized to smoothly explore and visualize

the relationships between non-HDL-C/LDL-C levels and
MACE (Fig. 2). A linear curve was detected between non-
HDL-C levels and the risk of MACEs in post-CABG pa-
tients with statin and secondary PCI treatment, whereas
a nonlinear relationship was observed for LDL-C levels.
When circulating non-HDL-C levels exceeded 2.6 mmol/L,
a marginally linear risk of suffering MACE, CV death/re-
infarction, and revascularization was observed. In addi-
tion, RCS was used to investigate the relationship between
serum levels of non-HDL-C and MACEs at two different
LDL-C levels (Fig. 3). In those individuals with LDL-C
levels≤1.8 mmol/L, a linear association with CV death/re-
infarction appeared when non-HDL-C reached up to 2.07
mmol/L. Finally, the discordance analysis indicated that in-
dividuals with discordantly high non-HDL-C/low LDL-C
had HRs of 2.44 [95% confidence interval (CI), 1.14–5.22,
p = 0.021], 3.18 (95% CI, 0.97–10.45, p = 0.057) and 2.07
(95% CI, 0.78–5.48, p = 0.145) for MACEs, CV death/re-
infarction and revascularization, respectively, compared to
those in patients with concordant non-HDL-C and LDL-C
levels (Fig. 4).

4. Discussion

The primary findings of this retrospective study shed
some valuable insight on the predictive probability of non-
HDL-C levels for evaluating the residual risk of long-term
outcomes in ACS individuals with a history of CABG and
statin therapy. The measurement of non-HDL-C levels bet-
ter reflects the residual risk of CV events in this popula-
tion than LDL-C levels. Interestingly, a discordance in lipid
levels involving elevated non-HDL-C and low LDLC lev-
els, but not one involving low non-HDL-C and high LDL-
C levels, was significantly in association with an elevated
likelihood of MACEs among ACS patients with previous
CABG and statin treatment that underwent secondary coro-
nary interventions.

A large body of previous studies has assessed the abil-
ity of non-HDL-C regarding the prediction of cardiac mor-
tality and other events for the prevention of CV disease
[3,19,20]. The increased concentration of small dense LDL
particles, a reduction in HDL-C levels, the presence of
hypertriglyceridemia, an increase in remnant lipoproteins,
and postprandial hyperlipidemia were shown to be factors
that partially accounted for the mechanisms underlying the
residual CV risk observed in some individuals with opti-
mal LDL-C levels [21]. These findings revealed that an
increase in non-HDL-C levels indicated the residual risk
of MACEs in statin-treated, ACS individuals and previous
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Table 3. Comparisons among different lipid indices estimated by multivariate Cox proportional-hazard regression regarding
major adverse cardiovascular events.

Variables
Model 1# Model 2 Model 3*

HRs (95% CIs) p-value HRs (95% CIs) p-value HRs (95% CIs) p-value

MACE
Non-HDL-C 1.62 (1.31, 2.00) <0.001 1.52 (1.24, 1.88) <0.001 1.52 (1.24, 1.87) <0.001
LDL-C 1.50 (1.21, 1.87) <0.001 1.40 (1.13, 1.74) <0.001 1.44 (1.14, 1.73) <0.01
TC 1.49 (1.20, 1.86) <0.001 1.44 (1.16, 1.78) <0.001 1.44 (1.17, 1.78) <0.001
TG 1.32 (1.10, 1.61) <0.01 1.34 (1.10, 1.64) <0.01 1.36 (1.11, 1.67) <0.01
HDL-C 0.77 (0.61, 0.96) <0.05 0.82 (0.66, 1.03) 0.08 0.83 (0.66, 1.04) 0.11
Lp(a) 1.10 (0.82, 1.46) 0.52 1.09 (0.81, 1.48) 0.55 1.10 (0.82, 1.48) 0.51

Death or re-infarction
Non-HDL-C 1.88 (1.34, 2.64) <0.001 1.76 (1.26, 2.43) <0.001 1.65 (1.17, 2.33) <0.01
LDL-C 1.82 (1.27, 2.61) <0.01 1.67 (1.18, 2.35) <0.01 1.57 (1.10, 2.24) <0.05
TC 1.86 (1.31, 2.63) <0.001 1.74 (1.25, 2.42) <0.001 1.65 (1.16, 2.34) <0.01
TG 1.26 (0.87, 1.83) 0.22 1.28 (0.85, 1.94) 0.23 1.27 (0.82, 1.97) 0.29
HDL-C 0.98 (0.68, 1.41) 0.94 0.97 (0.69, 1.38) 0.88 0.99 (0.68, 1.43) 0.96
Lp(a) 1.18 (0.80, 1.74) 0.40 1.23 (0.89, 1.68) 0.20 1.22 (0.88, 1.71) 0.22

Revascularization
Non-HDL-C 1.48 (1.14, 1.91) <0.01 1.42 (1.10, 1.82) <0.01 1.42 (1.12, 1.83) <0.01
LDL-C 1.37 (1.05, 1.78) <0.001 1.31 (1.01, 1.70) <0.05 1.32 (1.03, 1.70) <0.05
TC 1.30 (0.99, 1.71) 0.06 1.29 (1.00, 1.68) 0.05 1.32 (1.02, 1.71) <0.05
TG 1.32 (1.06, 1.64) <0.05 1.32 (1.05, 1.67) <0.05 1.34 (1.06, 1.70) <0.05
HDL-C 0.68 (0.53, 0.90) <0.01 0.74 (0.56, 0.97) <0.05 0.75 (0.57, 0.98) <0.05
Lp(a) 0.99 (0.68, 1.44) 0.92 0.94 (0.63, 1.42) 0.79 0.96 (0.64, 1.44) 0.86

#, Model 1, adjusted for conventional coronary risk variables including age, sex, BMI, LVEF, peak level of cTnI; Model
2, adjusted for clinical risk factors including age, sex, BMI, LVEF, peak level of cTnI, values of heart rates, SBP and DBP
at discharge, vein grafting PCI and levels of CCR; Model 3, adjusting for use of statin and β-blocker in addition to Model
2 at baselines. HRs, hazard ratios were calculated per 1-SD for increment in each lipid/apoprotein. MACE, major adverse
cardiovascular event; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; TC, total
cholesterol; TG, triglyceride; Lp(a), lipoprotein a; BMI, body mass index; LVEF, left ventricular ejection fraction; cTnI,
cardiac troponin I; SBP, systolic blood pressure; DBP, diastolic blood pressure; PCI, percutaneous coronary intervention;
CCR, creatinine clearance rate; HR, hazard ratio.
*, VIF <10, VIF, variance inflation factor.

CABG. Comparable findings were reported by Fukushima
et al. [15], which indicated that individuals with increased
non-HDL-C levels following CABG struggled with signif-
icantly higher odds of CV death and other adverse clinical
outcomes. However, that study failed to consider the risks
associated with previous statin therapy. Similar findings
from other studies have manifested that the possibility of
serum non-HDL-C for the prediction of clinical prognosis
was steadier and more enduring than other lipid parameters
[8,10]. On the other hand, Nakamura Y et al. [22] indi-
cated that optimal medical treatments combined with statin
treatment, antiplatelet agent, and beta-blockers reduced all-
cause death and cardiac death in patients with a history of
CABG who underwent PCI. However, in this study, we
report a linear curve between the incidence of long-term
cardiac events and non-HDL-C concentrations in the set-
ting ofmoderate-intensity statin therapy for post-CABGpa-
tients that required PCI treatment. More specifically, non-
HDL-C concentrations exceeding 2.6 mmol/L were likely

to be powerful and accurate risk indications of CV progno-
sis, similar to the results reported by Brunner et al. [19].
According to our results from the subgroup analysis, the
threshold concentration of non-HDL-C as a risk modifier in
statin-treated individuals with optimal LDL-C valueswould
be closer to 2.07 mmol/L. For the participants with undesir-
able LDL-C levels, only a relatively moderate association
was observed between non-HDL-C levels and the risks of
CV mortality, recurrence of MI, and the need for revascu-
larization. Thus, achieving target LDL-C concentrations in
those patients remains the primary goal for reducing risk
in the initial management of patients with previous CABG.
These findings show that evaluating non-HDL-C could rep-
resent a secondary means of appraising residual risk regard-
ing CV events and identifying extremely high-risk patients
with a history of CABG who may require intensification of
lipid-lowering therapies.

Patients with a history of CABG typically exhibit a
complicated and diffuse progression of atherosclerosis and
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Fig. 3. The restricted cubic spline lines between non-HDL-C levels and the occurrence of MACEs, CV death/re-infarction, and
revascularization stratified according to LDL-C levels. (A, C, E) In patients with high LDL-C levels(>1.8mmol/L), a marginally linear
relationship express between non-HDL-C and MACEs, CV death/re-MI and revascularization. (D) In patients with low LDL-C levels
(≤1.8 mmol/L), a linear relationship is observed between elevated non-HDL-C levels (>2.07 mmol/L) and the risk of CV death/recurrent
MI. (B, F)However, none linear linkage presents between non-HDL-C andMACEs and revascularization. Non-HDL-C, non-high-density
lipoprotein cholesterol; MACEs, major adverse cardiovascular events; LDL-C, low-density lipoprotein; MI, myocardial infarction; HR,
hazard ratio; CV, cardiovascular.

other complications (e.g., ischemia stroke, diffuse periph-
eral arterial atherosclerosis, serious renal insufficiency, and
rheumatology disease) and struggle with more fatal and
non-fatal events [23–25]. These findings indicated in this
population that discordance between low LDL-C and high
non-HDL-C levels was observed in up to 5.1% of cases,
similar to the proportions reported by the previous stud-

ies [26,27]. In a recent Johannesen et al. [10] study, a
discordance involving low LDL-C/ high non-HDL-C or
apo(B) was associated with a 91% higher risk of MI and
a 23% higher risk of mortality compared with the risk in
those with concordantly low levels of both factors; a sim-
ilar trend was not observed in those exhibiting a discor-
dance involving high LDL-C and low non-HDL-C lev-
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Fig. 4. Multivariate Cox regression analysis for the occurrence of MACEs, CV death/re-infarction, and revascularization in the
discordant versus concordant groups based on LDL-C and non-HDL-C levels. The analysis is adjusted for age, sex, body mass
index (BMI), left ventricular ejection fraction (LVEF), peak level of cardiac troponin I (cTnI), heart rate, systolic blood pressure (SBP),
and diastolic blood pressure (DBP) at discharge, and creatinine clearance rate (CCR). MACEs, major adverse cardiovascular events; CV,
cardiovascular; LDL-C, low-density lipoprotein cholesterol; non-HDL-C, non-high-density lipoprotein cholesterol; HR, hazard ratio.

els. Several explanations have been provided for this phe-
nomenon, which is prevalently consistent with the previous
studies [8,10]. Firstly, non-HDL cholesterol fraction en-
compasses circulating LDL-C, very low-density lipoprotein
(VLDL) cholesterol, and other ingredients from byproducts
of triglyceride-related lipoprotein metabolism. Increased
levels of atherogenic cholesterol are superior indicators of
the mass of lipoprotein particles in evaluating associations
that affect ASCVD risk [3]. This discordance may reflect
higher concentrations of remnant cholesterol, which could
lead to an atherosclerotic cardiovascular disease beyond
apolipoprotein B and the significant amounts of atherogenic
LDL particulates that interact with the coronary artery. It is
not enough to measure the concentrations of these circulat-
ing lipoprotein components [5,28]. In addition, the discor-
dance between two cholesterol parameters was mediated by
metabolic syndrome and unrelated to the conventional risk
factors regardless of the BMI and the degree of glycemic
control [5,10], as the findings of Model 3 were indicative
of the absence of multicollinearity. In patients exhibiting

a discordance involving low LDL-C and high apolipopro-
tein B or non-HDL-C levels, an increased risk of arterial
stiffness was observed, as measured by brachial-ankle pulse
wave velocity; these factors are regarded as markers of sub-
clinical atherosclerosis [27,29]. In general, elevated arte-
rial stiffness and multifocal atherosclerosis in patients af-
ter CABG tracked more with the atherosclerosis progres-
sion and a poor prognosis [30–32]. Although the biologi-
cal mechanisms underlying the causality of these relation-
ships remain inexplicable, those exhibiting a discordance
between two lipid parameters presented elevated levels of
remnant TGs or cholesterol related to insulin resistance. In
turn, this contributed to increased arterial stiffness and the
development of diffuse and multifocal atherosclerosis be-
cause of the disorder of intimal cells caused by varying de-
grees of oxidative responses and impaired endothelial func-
tion [11,33]. In this study, the subgroup of patients with a
CABGhistorywith elevated non-HDL-C and optimal LDL-
C levels exhibited a risk of CV death or re-infarction that
was as much as four times higher than that observed in the

10

https://www.imrpress.com


group with concordant lipid levels confirming that further
efforts are needed in such patients to ensure enhanced low-
lipid management.

5. Limitations
In addition to the inevitable selection bias inherent

to retrospective studies, several limitations existed in this
study. First, the small example size and relatively low in-
cidence of CV death/re-infarction in the enrolled patients
may have contributed to a high selection bias that could
complicate the interpretation of the results. A comparable
prevalence of CV deaths is reported in another real-world
Chinese research [34]. Thus, it is possible that any incon-
sistencies could be related to the ethnic makeup of the group
and could provide some insight into the predictive value of
lipid discordance on prognosis in Chinese patients with a
history of CABG. Second, apolipoprotein B measurements
were not performed in this study because of the limitations
of our laboratory; therefore, the analysis was limited to
comparing groups based on LDL-C and non-HDL-C lev-
els. Based on the high correlation between these two pa-
rameters, the Adult Treatment Panel III (ATP III) guide-
lines recommend using non-HDL-C levels as a reasonable
substitute for apolipoprotein B concentrations [35]. Third,
approximately half of the participants in this study did not
reach the optimal LDL-C levels recommended by the guide-
lines, which could have influenced the credibility of the re-
sults. Therefore, a subgroup analysis was conducted that
was stratified based on the median LDL-C concentration
to classify the impact of non-HDL-C levels on prognosis.
Large-scale research is necessary to explore the effect of
lipid discordance on saphenous grafting and clinical prog-
nosis in post-CABG patients with statin treatment who un-
derwent PCI treatment.

6. Conclusions
In post-CABG and statin treated ACS individuals,

who received secondary PCI, there is a linear association of
non-HDL-C with the significant risk of MACE. Moreover,
a linear relationship between non-HDL-C values exceeding
2.07 mmol/L and risks of CV death/recurrent MI was pre-
sented in those patients with desirable LDL-C levels (≤1.8
mmol/L). The discordance of high non-HDL-C/low LDL-
C could provide utility in identifying the residual risk of
MACEs in this population.

Abbreviations
MACE, major adverse cardiovascular events; CAD,

coronary artery disease; PCI, percutaneous coronary in-
tervention; GRACE, Global Registry of Acute Coronary
Events; MI, myocardial infarction; CABG, coronary artery
bypass grafting; TC, total cholesterol; LDL-C, low-density
lipoprotein cholesterol; HDL-C, high-density lipoprotein
cholesterol; TG, triglyceride; Lp(a), apolipoprotein A;

CCR, creatinine clearance rate; ESR, erythrocyte sedi-
mentation rate; Hs-CRP, high-sensitivity C-reactive pro-
tein; cTnI, cardiac troponin I; CKMB, creatine kinase–
myocardial band; BMI, body mass index; LVEF, left ven-
tricular ejection fraction; ROC, receiver operating charac-
teristic; AUC, area under the ROC.

Availability of Data and Materials
The datasets generated and analyzed are not publicly

available due to the policies of Beijing Chaoyang Hospi-
tal regarding individual confidentiality; however, they are
available from the corresponding author upon reasonable
request.

Author Contributions
CL, KZH and YXY designed the present study, con-

ducted data analysis and drafted the manuscript. KBL,
MLC and LFW gave critical revision opinions on the
manuscript drafts, provided material and technical sup-
ported during data analysis. XRX and YFG aided inter-
pretation of data, commented on this study design and pro-
vided critical review. All authors have read and approved
the manuscript. All authors have participated sufficiently
in the work and agreed to be accountable for all aspects of
the work.

Ethics Approval and Consent to Participate
This study was approved by the institutional review

board of Beijing Chaoyang Hospital (2017-S-187) and per-
formed in accordance with the ethical standards laid down
in the 1964 Declaration of Helsinki and its later amend-
ments. Written informed consent forms were waived due
to the nature of the retrospective study.

Acknowledgment
Not applicable.

Funding
This research received no external funding.

Conflict of Interest
The authors declare no conflict of interest.

Supplementary Material
Supplementary material associated with this article

can be found, in the online version, at https://doi.org/10.
31083/j.rcm2409263.

References
[1] Mach F, Baigent C, Catapano AL, Koskinas KC, Casula M,

Badimon L, et al. 2019 ESC/EAS Guidelines for the manage-
ment of dyslipidaemias: lipid modification to reduce cardiovas-
cular risk. European Heart Journal. 2020; 41: 111–188.

11

https://doi.org/10.31083/j.rcm2409263
https://doi.org/10.31083/j.rcm2409263
https://www.imrpress.com


[2] Grundy SM, Stone NJ, Bailey AL, Beam
C, Birtcher KK, Blumenthal RS, et al. 2018
AHA/ACC/AACVPR/AAPA/ABC/ACPM/ADA/AGS/APhA/
ASPC/NLA/PCNA Guideline on the Management of Blood
Cholesterol: A Report of the American College of Cardi-
ology/American Heart Association Task Force on Clinical
Practice Guidelines. Journal of the American College of
Cardiology. 2019; 73: e285–e350.

[3] Carr SS, Hooper AJ, Sullivan DR, Burnett JR. Non-HDL-
cholesterol and apolipoprotein B compared with LDL-
cholesterol in atherosclerotic cardiovascular disease risk
assessment. Pathology. 2019; 51: 148–154.

[4] SnidermanAD,WilliamsK, Contois JH,MonroeHM,McQueen
MJ, de Graaf J, et al. A meta-analysis of low-density lipopro-
tein cholesterol, non-high-density lipoprotein cholesterol, and
apolipoprotein B as markers of cardiovascular risk. Circulation:
Cardiovascular Quality and Outcomes. 2011; 4: 337–345.

[5] Idris I, Al-Ubaidi F. Discordance between non-HDL cholesterol
and LDL cholesterol levels in patients with diabetes without pre-
vious cardiovascular events. Diabetes & Metabolism. 2010; 36:
299–304.

[6] Langlois MR, Chapman MJ, Cobbaert C, Mora S, Remaley AT,
Ros E, et al. Quantifying Atherogenic Lipoproteins: Current
and Future Challenges in the Era of Personalized Medicine and
Very Low Concentrations of LDL Cholesterol. A Consensus
Statement from EAS and EFLM. Clinical Chemistry. 2018; 64:
1006–1033.

[7] Mora S, Buring JE, Ridker PM. Discordance of low-density
lipoprotein (LDL) cholesterol with alternative LDL-relatedmea-
sures and future coronary events. Circulation. 2014; 129: 553–
561.

[8] Boekholdt SM, Arsenault BJ, Mora S, Pedersen TR, LaRosa
JC, Nestel PJ, et al. Association of LDL cholesterol, non-HDL
cholesterol, and apolipoprotein B levels with risk of cardiovas-
cular events among patients treatedwith statins: ameta-analysis.
The Journal of the American Medical Association. 2012; 307:
1302–1309.

[9] Wongcharoen W, Sutthiwutthichai S, Gunaparn S, Phrom-
mintikul A. Is non-HDL-cholesterol a better predictor of long-
term outcome in patients after acute myocardial infarction com-
pared to LDL-cholesterol?: a retrospective study. BMC Cardio-
vascular Disorders. 2017; 17: 10.

[10] Johannesen CDL, Mortensen MB, Langsted A, Nordestgaard
BG. Apolipoprotein B and Non-HDL Cholesterol Better Reflect
Residual Risk Than LDL Cholesterol in Statin-Treated Patients.
Journal of the American College of Cardiology. 2021; 77: 1439–
1450.

[11] Kilgore M, Muntner P, Woolley JM, Sharma P, Bittner V,
Rosenson RS. Discordance between high non-HDL cholesterol
and high LDL-cholesterol among US adults. Journal of Clinical
Lipidology. 2014; 8: 86–93.

[12] Gurfinkel EP, Perez de la Hoz R, Brito VM, Duronto E, Dab-
bous OH, Gore JM, et al. Invasive vs non-invasive treatment
in acute coronary syndromes and prior bypass surgery. Interna-
tional Journal of Cardiology. 2007; 119: 65–72.

[13] Lee MMY, Petrie MC, Rocchiccioli P, Simpson J, Jackson CE,
Corcoran DS, et al. Invasive VersusMedical Management in Pa-
tients With Prior Coronary Artery Bypass Surgery With a Non-
ST Segment Elevation Acute Coronary Syndrome. Circulation:
Cardiovascular Interventions. 2019; 12: e007830.

[14] Brilakis ES, de Lemos JA, Cannon CP,Wiviott SD, Murphy SA,
Morrow DA, et al. Outcomes of patients with acute coronary
syndrome and previous coronary artery bypass grafting (from
the Pravastatin or Atorvastatin Evaluation and Infection Therapy
[PROVE IT-TIMI 22] and the Aggrastat to Zocor [A to Z] trials).
The American Journal of Cardiology. 2008; 102: 552–558.

[15] Fukushima Y, Ohmura H, Mokuno H, Kajimoto K, Kasai T,
Hirayama S, et al. Non-high-density lipoprotein cholesterol is
a practical predictor of long-term cardiac death after coronary
artery bypass grafting. Atherosclerosis. 2012; 221: 206–211.

[16] Friedewald WT, Levy RI, Fredrickson DS. Estimation of the
concentration of low-density lipoprotein cholesterol in plasma,
without use of the preparative ultracentrifuge. Clinical Chem-
istry. 1972; 18: 499–502.

[17] Fox KAA, Dabbous OH, Goldberg RJ, Pieper KS, Eagle KA,
Van de Werf F, et al. Prediction of risk of death and myocardial
infarction in the six months after presentation with acute coro-
nary syndrome: prospective multinational observational study
(GRACE). British Medical Journal. 2006; 333: 1091.

[18] Lee DH, Keum N, Hu FB, Orav EJ, Rimm EB, Willett WC, et
al. Predicted lean body mass, fat mass, and all cause and cause
specific mortality in men: prospective US cohort study. British
Medical Journal. 2018; 362: k2575.

[19] Brunner FJ, Waldeyer C, Ojeda F, Salomaa V, Kee F, Sans S,
et al. Application of non-HDL cholesterol for population-based
cardiovascular risk stratification: results from the Multinational
Cardiovascular Risk Consortium. The Lancet. 2019; 394: 2173–
2183.

[20] Bittner V, Hardison R, Kelsey SF,Weiner BH, JacobsAK, Sopko
G, et al. Non-high-density lipoprotein cholesterol levels predict
five-year outcome in the Bypass Angioplasty Revascularization
Investigation (BARI). Circulation. 2002; 106: 2537–2542.

[21] Stahel P, Xiao C, Hegele RA, Lewis GF. The Atherogenic Dys-
lipidemia Complex and Novel Approaches to Cardiovascular
Disease Prevention in Diabetes. The Canadian Journal of Car-
diology. 2018; 34: 595–604.

[22] Nakamura Y, Asaumi Y, Miyagi T, Nakai M, Nishimura K, Sug-
ane H, et al. Comparison of Long-Term Mortality in Patients
With Previous Coronary Artery Bypass Grafting Who Under-
went Percutaneous Coronary Intervention With Versus Without
Optimal Medical Therapy. The American Journal of Cardiology.
2018; 122: 206–212.

[23] Morici N, De Rosa R, Crimi G, De Luca L, Ferri LA, Lenatti
L, et al. Characteristics and Outcome of Patients ≥75 Years of
Age With Prior Coronary Artery Bypass Grafting Admitted for
an Acute Coronary Syndrome. The American Journal of Cardi-
ology. 2020; 125: 1788–1793.

[24] Rathod KS, Beirne AM, Bogle R, Firoozi S, Lim P, Hill J, et
al. Prior Coronary Artery Bypass Graft Surgery and Outcome
After Percutaneous Coronary Intervention: An Observational
Study From the Pan-London Percutaneous Coronary Interven-
tion Registry. Journal of the American Heart Association. 2020;
9: e014409.

[25] Berry C, Pieper KS, White HD, Solomon SD, Van de Werf F,
Velazquez EJ, et al. Patients with prior coronary artery bypass
grafting have a poor outcome after myocardial infarction: an
analysis of the VALsartan in acute myocardial iNfarcTion trial
(VALIANT). European Heart Journal. 2009; 30: 1450–1456.

[26] Lawler PR, Akinkuolie AO, Ridker PM, Sniderman AD, Buring
JE, Glynn RJ, et al. Discordance between Circulating Athero-
genic Cholesterol Mass and Lipoprotein Particle Concentra-
tion in Relation to Future Coronary Events in Women. Clinical
Chemistry. 2017; 63: 870–879.

[27] Jia X, Qi Y, Zheng R, Lin L, Hu C, Zhu Y, et al. Discor-
dance of Apolipoprotein B, Non-HDL-Cholesterol, and LDL-
Cholesterol Predicts Risk of Increased Arterial Stiffness and
Elevated Carotid Intima-Media Thickness in Middle-Aged and
Elderly Chinese Adults. Frontiers in Cardiovascular Medicine.
2022; 9: 906396.

[28] Quispe R, Martin SS, Michos ED, Lamba I, Blumenthal RS,
Saeed A, et al. Remnant cholesterol predicts cardiovascular dis-
ease beyond LDL and ApoB: a primary prevention study. Euro-

12

https://www.imrpress.com


pean Heart Journal. 2021; 42: 4324–4332.
[29] Holewijn S, den Heijer M, Swinkels DW, Stalenhoef AFH,

de Graaf J. Apolipoprotein B, non-HDL cholesterol and LDL
cholesterol for identifying individuals at increased cardiovascu-
lar risk. Journal of Internal Medicine. 2010; 268: 567–577.

[30] Sumin AN, Shcheglova AV, Ivanov SV, Barbarash OL. Long-
Term Prognosis after Coronary Artery Bypass Grafting: The Im-
pact of Arterial Stiffness andMultifocal Atherosclerosis. Journal
of Clinical Medicine. 2022; 11: 4585.

[31] Sumin AN, Shcheglova AV, ZHidkova II, Ivanov SV, Barbarash
OL. Assessment of Arterial Stiffness by Cardio-Ankle Vascular
Index for Prediction of Five-Year Cardiovascular Events After
Coronary Artery Bypass Surgery. Global Heart. 2021; 16: 90.

[32] Le Bivic L, Magne J, Blossier JD, Piccardo A, Wojtyna H,
Lacroix P, et al. Mid- and long-term prognosis of off- vs. on-

pump coronary artery bypass graft in patients with multisite
artery disease. The Journal of Cardiovascular Surgery. 2019; 60:
388–395.

[33] Wu S, Xu L, Wu M, Chen S, Wang Y, Tian Y. Association be-
tween triglyceride-glucose index and risk of arterial stiffness: a
cohort study. Cardiovascular Diabetology. 2021; 20: 146.

[34] Song Y, Xu JJ, Tang XF, Wang HH, Liu R, Jiang P, et al. Out-
come analysis of patients undergoing percutaneous coronary in-
tervention with or without prior coronary artery bypass graft-
ing operation. Zhonghua Xin Xue Guan Bing Za Zhi. 2017; 45:
559–565. (In Chinese)

[35] Kastelein JJP, van der SteegWA,Holme I, GaffneyM, Cater NB,
Barter P, et al. Lipids, apolipoproteins, and their ratios in relation
to cardiovascular events with statin treatment. Circulation. 2008;
117: 3002–3009.

13

https://www.imrpress.com

	1. Introduction
	2. Materials and Methods
	2.1 Study Participants and Inclusion Criteria
	2.2 Collection of Demographic Data and Calculation of Lipid Parameters 
	2.3 Intervention Procedure and Coronary Complication 
	2.4 Outcomes Ascertainment 
	2.5 Statistical Analysis

	3. Results
	3.1 Clinical and Procedural Baseline Characteristics 
	3.2 Association between Different Lipid Parameters and MACEs
	3.3 RCS and Discordance Analysis

	4. Discussion
	5. Limitations
	6. Conclusions
	Abbreviations
	Availability of Data and Materials
	Author Contributions
	Ethics Approval and Consent to Participate
	Acknowledgment
	Funding
	Conflict of Interest
	Supplementary Material

