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ABSTRACT　
 
BACKGROUND　 The optimal apolipoprotein or lipid measures for identifying statin-treated patients with coronary artery dis-
ease (CAD) at residual cardiovascular risk remain controversial. This study aimed to compare the predictive powers of apolipo-
protein B (apoB), non-high-density lipoprotein cholesterol (non-HDL-C), low-density lipoprotein cholesterol (LDL-C), apoB/apo-
lipoprotein A-1 (apoA-1) and non-HDL-C/HDL-C for myocardial infarction (MI) in CAD patients treated with statins in the set-
ting of secondary prevention.
 
METHODS　 The study included 9191 statin-treated CAD patients with a five-year median follow-up. All measures were anal-
yzed as continuous variables and concordance/discordance groups by medians. The hazard ratio (HR) with 95% CI was estima-
ted by Cox proportional hazards regression. Patients were classified by the clinical presentation of CAD for further analysis.
 
RESULTS　  The high-apoB-low-LDL-C and the high-non-HDL-C-low-LDL-C categories yielded HR of 1.40 (95% CI: 1.04–1.88)
and 1.51 (95% CI: 1.07–2.13) for MI, respectively, whereas discordant high LDL-C with low apoB or non-HDL-C was not associa-
ted with the risk of MI. No association of MI with discordant apoB versus non-HDL-C, apoB/apoA-1 versus apoB, non-HDL-C/
HDL-C versus non-HDL-C, or apoB/apoA-1 versus non-HDL-C/HDL-C was observed. Similar patterns were found in patients
with acute coronary syndrome. In contrast, no association was observed between any concordance/discordance category and the
risk of MI in patients with chronic coronary syndrome.
 
CONCLUSIONS　  ApoB and non-HDL-C better  predict  MI  in  statin-treated CAD patients  than LDL-C,  especially  in  patients
with acute coronary syndrome. ApoB/apoA-1 and non-HDL-C/HDL-C show no superiority to apoB and non-HDL-C for predict-
ing MI.

 

Statins are the most commonly used lipid-low-
ering drugs for the secondary prevention of
coronary artery disease (CAD) as they effectiv-

ely lower low-density lipoprotein cholesterol (LDL-C)
levels. Nevertheless, even when statin therapy achieves
ideal LDL-C levels, CAD patients still encounter cardi-
ovascular events due to elevated levels of other athero-
genic particles, notably non-high-density lipoprotein
cholesterol (non-HDL-C) and apolipoprotein B (apoB).[1]

The selection of the optimal lipid or apolipoprotein me-

asures for identifying statin-treated CAD patients at re-
sidual risk of cardiovascular events remains an unre-
solved issue.

Non-HDL-C represents the total cholesterol content
within atherogenic particles, including intermediate-
density lipoprotein, low-density lipoprotein, very LDL-C,
lipoprotein (a), chylomicrons, and chylomicron remn-
ants. On the other hand, apoB represents the total nu-
mber of these atherogenic particles. The ratios of non-
HDL-C/HDL-C and apoB/apolipoprotein A-1 (apoA-1)
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reflect the balance between atherogenic and anti-athero-
genic factors. Discordance analysis is superior to conv-
entional methods for these biologically linked markers
because it enables a direct comparison of which marker
contributes more to the risk in the discordance groups,
avoiding the influence of the correlation between the
markers in the concordance groups.[2] Previous discord-
ance analysis studies have compared the predictive po-
wers of different apolipoprotein and lipid measures for
cardiovascular disease in healthy populations[3,4] and
statin-treated patients with hypercholesterolemia.[5] Ho-
wever, to our knowledge, no studies have compared the
predictive powers of different apolipoprotein and lipid
measures for residual cardiovascular events in statin-tr-
eated CAD patients from the secondary prevention pe-
rspective. The objective of this study is to address this gap
in the existing literature and provide valuable insights
into this area of research. 

METHODS
 

Study Design, Setting, and Participants

The cohort study consecutively recruited 10,724 CAD
patients undergoing percutaneous coronary interve-
ntion at Fuwai Hospital, Chinese Academy of Medical
Sciences and Peking Union Medical College, Beijing,
China, from January 2013 to December 2013. Details on
the catheterization procedure were previously descri-
bed.[6] Baseline information was extracted from the elec-
tronic medical records. All participants were followed up
by an independent group of clinical research coordinat-
ors through telephone interviews or clinic visits at five
time points (one-month, six-month, twelve-month, two-
year, and five-year after discharge). Two independent
cardiologists adjudicated endpoint events, and any dis-
agreement was resolved by consensus. The study com-
plied with the Declaration of Helsinki. The Review Boa-
rd of Fuwai Hospital, Chinese Academy of Medical Sci-
ences and Peking Union Medical College (No.2013-449)
in Beijing, China approved the study protocol before en-
rolment. All participants provided written informed co-
nsents before intervention.

This post-hoc analysis used discordance analysis to
compare apoB, non-HDL-C, LDL-C, apoB/apoA-1, and
non-HDL-C/HDL-C in predicting myocardial infarct-
ion (MI) in statin-treated CAD patients. Patients without
statins, missing data on lipid profiles, and those who lost

to follow-up were excluded from this analysis. The stu-
dy population was then classified into two groups ac-
cording to the clinical presentation of CAD [chronic co-
ronary syndrome (CCS) and acute coronary syndrome
(ACS)]. 

Laboratory Testing and Medications

Venous blood samples were obtained after fasting for
at least 12 h and tested within 24 h after admission. Lipid
profiles were assayed using an automatic biochemistry
analyzer (Hitachi 7150, Tokyo, Japan). In detail, concen-
trations of apoB and apoA-1 were measured by an im-
munoturbidimetric method, and concentrations of total
cholesterol, LDL-C, and HDL-C were measured by an
enzymatic method. The concentration of non-HDL-C
was calculated as total cholesterol minus HDL-C.

All participants without documented contraindica-
tions received statins and dual anti-platelet therapy with
aspirin plus clopidogrel. Other cardiovascular medica-
tions, such as beta-blockers, angiotensin-converting en-
zyme inhibitors, or angiotensin receptor blockers, were
prescribed according to patients’ conditions and conte-
mporary guidelines. 

Variables

The study endpoint was MI diagnosed according to
the Third Universal Definition of Myocardial Infarction.
Body mass index ≥ 30 kg/m2 was considered obesity.
Diabetes mellitus (DM) was defined as glycated hemo-
globin > 6.5% or self-reported DM. Hypertension was de-
fined as mean blood pressure ≥ 140/90 mmHg or self-
reported hypertension. 

Statistical Analysis

Baseline characteristics between the CCS and ACS
groups and among concordance/discordance groups
of each pair of measures were compared using the Pe-
arson’s chi-squared test, the Kruskal-Wallis test, or the
Mann-Whitney U test, as appropriate. Categorical va-
riables are shown as counts (percentages). Continuous
variables are expressed as medians (interquartile range).
Covariables for adjustment included sex, age (continu-
ous), current smoking, hypertension, previous revascu-
larization, previous MI, and high-sensitivity C-reactive
protein.

The relation between MI and each measure on a con-
tinuous scale was visualized with a restricted cubic sp-
line with four knots. The lowest concentration of each
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measure was set as the reference. The hazard ratio (HR)
with 95% CI for MI per 1-standard deviation increase in
each measure were estimated by Cox proportional haz-
ards regression.

Discordance analysis was performed to compare the
associations of the following pairs of measures with the
MI: apoB versus non-HDL-C, apoB versus LDL-C, non-
HDL-C versus LDL-C, apoB/apoA-1 versus apoB, non-
HDL-C/HDL-C versus non-HDL-C, and apoB/apoA-1
versus non-HDL-C/HDL-C. Lipid and apolipoprotein
measures were categorized according to medians. Con-
cordance was defined as both measures being less than
or equal to the medians or greater. Discordance was de-
fined as one measure being less than or equal to the me-
dian while another was greater. Event-free survival rates
among concordance/discordance groups were plotted
using the Kaplan-Meier survival curves. The HR with
95% CI was estimated by Cox proportional hazards re-
gression.

DM and obesity affect lipid profiles through metabol-
ic pathways; thus, discordance analysis was repeated in
patients stratified by glycemic status and body mass in-
dex category as a sensitivity analysis instead of adjusting
the two variables as confounders.

All analyses were performed using the R statistical
software 3.6.3 (R Core Team 2020, Vienna, Austria; ht-
tp://www.r-project.org). Figures were created by Gra-

phPad Prism software 8.0.2 (GraphPad Software, San
Diego, California, USA; http://www.graphpad.com).
Two-sided P-value < 0.05 were considered statistically
significant. 

RESULTS
 

Study Population and Baseline Characteristics

After excluding 439 patients without statins, 281 pa-
tients with missing data for lipid profiles, and 813 pa-
tients who lost to five-year follow-up, the study inclu-
ded 9191 statin-treated CAD patients, with 3708 patien-
ts in the CCS group and 5483 patients in the ACS group
(Figure 1). A total of 538 MIs (5.85%) occurred during a
median follow-up period of 5.1 years (interquartile ra-
nge: 5.1–5.1 years), with 216 MIs (5.83%) in CCS patients
and 322 MIs (5.87%) in ACS patients.

Baseline characteristics of the study population and
patients in the CCS and ACS groups are shown in Table
1. The mean age of the study population was 59 years
(interquartile range: 18–91 years), and 22.66% of patients
were women. Median values of the apolipoprotein and
lipid measures for the study population were 0.80 g/L
for apoB, 3.01 mmol/L for non-HDL-C, 2.35 mmol/L
for LDL-C, 0.61 for apoB/apoA-1 and 3.04 for non-
HDL-C/HDL-C. ACS patients were more likely to be
current smokers and had higher high-sensitivity C-re-

 

Figure 1    Study flowchart.
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active protein levels. CCS patients were more likely to
have comorbidities (hypertension, DM, and peripheral
artery disease), previous MI, and previous revasculari-
zation. Compared with the ACS group, the median va-
lues of apoB and apoB/apoA-1 were slightly but signi-
ficantly lower in the CCS group. The median values of
non-HDL-C, LDL-C, and non-HDL-C/HDL-C were hi-
gher in the ACS group than in the CCS group. Baseline

characteristics among concordance/discordance grou-
ps between each pair of measures are shown in supp-
lemental material, Table 1S–Table 6S. 

Associations of Apolipoprotein and Lipid Measures
with MI

Figure 2 (green panels) illustrates that except for the
LDL-C, elevations in the other four measures were ass-

 

Table 1    Baseline characteristics of the study population.

Characteristics All participants
(n = 9191)

Chronic coronary syndrome
group (n = 3708)

Acute coronary syndrome
group (n = 5483) P-value

Women 2083 (22.66%) 821 (22.14%) 1262 (23.02%) 0.325

Age, yrs 59 (51–65) 59 (51–65) 59 (51–66) 0.944

　≥ 65 yrs 2545 (27.69%) 1010 (27.24%) 1535 (28.00%) 0.426

Body mass index, kg/m2 25.91 (23.88–27.77) 25.95 (24.03–27.77) 25.85 (23.81–27.76) 0.040

　≥ 30 kg/m2 921 (10.02%) 400 (10.79%) 521 (9.50%) 0.044

Current smoking 5247 (57.09%) 2050 (55.29%) 3197 (58.31%) 0.004

Diabetes mellitus 3684 (40.08%) 1583 (42.69%) 2101 (38.32%) < 0.001

　Oral antidiabetic agents 1562 (42.40%) 688 (43.46%) 874 (41.60%) 0.257

　Insulin 980 (26.60%) 424 (26.78%) 556 (26.46%) 0.827

Hypertension 6395 (69.58%) 2654 (71.57%) 3741 (68.23%) < 0.001

Peripheral artery disease 249 (2.71%) 128 (3.45%) 121 (2.21%) < 0.001

Previous myocardial infarction 1782 (19.39%) 1045 (28.18%) 737 (13.44%) < 0.001

Previous revascularization 2384 (25.94%) 1133 (30.56%) 1251 (22.82%) < 0.001

Estimated glomerular filtration rate, mL/min per 1.73 m2 118.08 (102.60–133.27) 118.75 (103.63–134.34) 117.67 (101.85–132.58) 0.003

Left ventricular ejection fraction, % 64 (60–67) 64 (60–68) 63 (60–67) < 0.001

Triglycerides, mmol/L 1.53 (1.14–2.10) 1.51 (1.13–2.07) 1.55 (1.15–2.11) 0.026

Apolipoprotein B, g/L 0.80 (0.67–0.98) 0.79 (0.66–0.97) 0.81 (0.67–0.98) 0.007

Apolipoprotein A-1, g/L 1.31 (1.18–1.48) 1.33 (1.20–1.49) 1.30 (1.17–1.47) < 0.001

Lipoprotein (a), mg/dL 18.53 (7.87–41.28) 18.17 (7.62–41.23) 18.64 (79.81–41.29) 0.616

Non-high-density lipoprotein cholesterol, mmol/L 3.01 (2.43–3.76) 2.96 (2.39–3.73) 3.05 (2.46–3.79) < 0.001

Low-density lipoprotein cholesterol, mmol/L 2.35 (1.86–3.02) 2.31 (1.83–2.99) 2.39 (1.88–3.04) < 0.006

High-density lipoprotein cholesterol, mmol/L 1.00 (0.84–1.17) 1.01 (0.86–1.18) 0.98 (0.83–1.17) < 0.001

Apolipoprotein B/Apolipoprotein A-1 0.61 (0.49–0.75) 0.59 (0.49–0.73) 0.62 (0.50–0.76) < 0.001

Non-high-density lipoprotein cholesterol/High-density
lipoprotein cholesterol 3.04 (2.32–3.99) 2.96 (2.27–3.88) 3.11 (2.35–4.08) < 0.001

High-sensitivity C-reactive protein, mg/L 1.61 (0.80–3.70) 1.35 (0.70–2.71) 1.88 (0.89–4.71) < 0.001

Left main or three-vessel disease 398 (4.33%) 170 (4.58%) 228 (4.16%) 0.325

Pre-procedural SYNTAX score 10 (6–17) 10 (6–17) 10 (6–16) 0.041

Medication

　Aspirin 9094 (98.94%) 3669 (98.95%) 5425 (98.94%) 0.978

　Clopidogrel 9175 (99.83%) 3701 (99.81%) 5474 (99.84%) 0.781

　Beta-blockers 8308 (90.39%) 3415 (92.10%) 4893 (89.24%) < 0.001

　Angiotensin-converting enzyme inhibitors/Angiotensin
　receptor blockers 4830 (52.55%) 1841 (49.65%) 2989 (54.51%) < 0.001

Data are presented as medians (interquartile range) or n (%).
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ociated with an increased risk of MI in all statin-treated
CAD patients. 1-standard deviation increase in apoB/
apoA-1 yielded the highest adjusted HR of 1.75 (95% CI:
1.17–2.61), followed by apoB with an adjusted HR of 1.41
(95% CI: 1.01–1.97).

All measures were associated with an increased risk
of MI in ACS patients. 1-standard deviation increase in
apoB/apoA-1 presented the highest adjusted HR of 1.78
(95% CI: 1.07–2.97), followed by apoB with an adjusted
HR of 1.75 (95% CI: 1.15–2.67) (Figure 2, purple panels).

No lipid or apolipoprotein measures were associated wi-
th the risk of MI in CCS patients (Figure 2, orange pane-
ls). Crude HR for MI by levels of the measures are ex-
pressed in supplemental material, Table 7S. 

Discordance Analysis

For all statin-treated CAD patients, the high-apoB-low-
LDL-C category yielded an adjusted HR of 1.40 (95% CI:
1.04–1.88) compared with the low-apoB-low-LDL-C cat-
egory. Similarly, the high-non-HDL-C-low-LDL-C cat-

 

Figure 2    Adjusted hazard ratios for myocardial infarction by apolipoprotein and lipid measures levels. (A): Adjusted hazard ratio
for myocardial infarction by apoB level; (B): adjusted hazard ratio for myocardial infarction by non-HDL-C level; (C): adjusted hazard ratio for
myocardial infarction by LDL-C level; (D): adjusted hazard ratio for myocardial infarction by apoB/apoA-1; and (E): adjusted hazard ratio for
myocardial infarction by non-HDL-C/HDL-C. The solid line represents the hazard ratio, and the dashed lines represent the 95% CI; the shad-
ow region represents the distribution of each measure; green represents all statin-treated coronary artery disease patients, orange represents the
CCS group, and purple represents the ACS group. Adjusted with sex, age (continuous), current smoking, hypertension, previous revascular-
ization, previous myocardial infarction and high-sensitivity C-reactive protein. ACS: acute coronary syndrome; apoA-1: apolipoprotein A-1; ap-
oB: apolipoprotein B; CCS: chronic coronary syndrome; HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density lipoprotein choles-
terol.
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egory presented an adjusted HR of 1.51 (95% CI: 1.07–
2.13) compared with the low-non-HDL-C-low-LDL-C
category. In contrast, discordant high LDL-C with low
apoB or non-HDL-C was not associated with the risk of
MI. For the concordance/discordance groups of apoB

versus non-HDL-C, apoB/apoA-1 versus apoB, non-
HDL-C/HDL-C versus non-HDL-C, or apoB/apoA-1
versus non-HDL-C/HDL-C, the risk of MI was only sig-
nificantly increased when both measures were above
the medians (Figure 3).

 

Figure 3    Adjusted hazard ratios for myocardial infarction of concordance/discordance groups. (A): ApoB versus non-HDL-C; (B):
apoB versus LDL-C;  (C):  non-HDL-C versus LDL-C;  (D):  apoB/apoA-1 versus apoB;  (E):  non-HDL-C/HDL-C versus non-HDL-C;  and (F):
apoB/apoA-1 versus non-HDL-C/HDL-C. Adjusted with sex,  age (continuous),  current smoking, hypertension, previous revascularization,
previous myocardial infarction and high-sensitivity C-reactive protein. apoA-1: apolipoprotein A-1; apoB: apolipoprotein B; HDL-C: high-den-
sity lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol.
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Similar patterns were observed in the ACS group.
Discordant low LDL-C with high apoB and high non-
HDL-C yielded adjusted HR of 1.49 (95% CI: 1.01–2.20)
and 1.53 (95% CI: 1.00–2.42) compared with the con-
cordant values below medians, whereas discordant hi-
gh LDL-C with low apoB or low non-HDL-C was not as-
sociated with the risk of MI. No clear trend was obser-

ved in the concordance/discordance groups of other
pairs of measures (Figure 4, right panels). For patients in
the CCS group, no association was observed between
any concordance/discordance category and the risk of
MI (Figure 4, left panels). Crude HR and event-free su-
rvival curves by concordance/discordance groups be-
tween each pair of measures in all statin-treated CAD

 

Figure 4    Adjusted hazard ratios for myocardial infarction of concordance/discordance groups by clinical presentation. (A): ApoB
versus non-HDL-C; (B): apoB versus LDL-C; (C): non-HDL-C versus LDL-C; (D): apoB/apoA-1 versus apoB; (E): non-HDL-C/HDL-C versus
non-HDL-C; and (F): apoB/apoA-1 versus non-HDL-C/HDL-C. Adjusted with sex, age (continuous), current smoking, hypertension, previ-
ous revascularization, previous myocardial infarction and high-sensitivity C-reactive protein. ACS: acute coronary syndrome; apoA-1: apoli-
poprotein A-1;  apoB:  apolipoprotein B;  CCS:  chronic coronary syndrome;  HDL-C: high-density lipoprotein cholesterol;  LDL-C: low-density
lipoprotein cholesterol.
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patients, patients with CCS, and those with ACS are ex-
pressed in supplemental material, Table 8S & Table 9S
and supplemental material, Figure 1S–Figure 3S. 

Sensitivity Analysis

Supplemental material, Table 10S illustrates that hi-
gher apoB/apoA-1 and non-HDL-C/HDL-C remained
associated with an increased risk of MI in statin-treated
CAD patients without DM and those without obesity.
Discordance analysis in patients stratified by DM and
obesity showed similar point estimates of HR to those in
all statin-treated CAD patients, but the corresponding
95% CI was wider and crossed the null (supplemental
material, Table 11S & Table 12S; supplemental material,
Figure 4S & Figure 5S). 

DISCUSSION

The present study compared different apolipoprotein
and lipid measures in assessing the residual risk of MI
in statin-treated CAD patients from the perspective of
secondary prevention. The study findings demonstra-
te that elevated levels of apoB and non-HDL-C but not
LDL-C were associated with a higher risk of MI; apoB/
apoA-1 and non-HDL-C/HDL-C show no superiority to
apoB and non-HDL-C for predicting MI. These findings
add a new insight into risk assessment and treatment
goals for secondary prevention of CAD. 

Associations of ApoB, Non-HDL-C, and LDL-C with
MI

Non-HDL-C and apoB were found to be superior to
LDL-C in identifying statin-treated CAD patients at re-
sidual risk of MI. An intuitive explanation is that apoB
and non-HDL-C represent the total atherogenic burd-
en. Despite statins being effective in controlling LDL-C
levels, high levels of other atherogenic particles may still
be responsible for the risk of MI. A recent study indica-
ted that very LDL-C accounts for half of the risk of MI fr-
om elevated apoB-containing particles.[7] Furthermore, a
meta-analysis has demonstrated that on-statin lipopro-
tein (a) levels still confer an increased risk for cardiovas-
cular events.[8]

Although conventional comparisons have yielded co-
ntroversial results,[9–11] all discordance analyses cond-
ucted in healthy populations and patients with statins as
primary prevention of CAD agree that apoB and non-
HDL-C are superior predictors of cardiovascular events

to LDL-C.[3–5] The study results support these findings
and extend them to the secondary prevention of CAD.
Moreover, despite the lower median values of apoB and
non-HDL-C in the study population compared to other
studies,[3–5] levels of apoB and non-HDL-C above the me-
dians were still significantly associated with a higher risk
of MI when the LDL-C level was relatively low. This su-
ggests that statin-treated CAD patients may still benefit
from further reductions in apoB or non-HDL-C levels.
LDL-C remains the primary indicator for risk assess-
ment and lipid management in current clinical pract-
ice. However, it is necessary to introduce apoB or non-
HDL-C to assess the risk of residual cardiovascular ev-
ents in statin-treated CAD patients.

Consistent with a previous study, the results of disc-
ordance analysis in this study showed no significant dif-
ference between apoB and non-HDL-C in identifying re-
sidual risk of MI.[5] A discordant low apoB with high non-
HDL-C indicates fewer atherogenic particles with more
cholesterol, which represents more significant cholest-
erol-enriched particles. Conversely, a discordant high
apoB with low non-HDL-C indicates more atherogenic
particles with less cholesterol, which represents more ch-
olesterol-depleted particles. Smaller particles are more
easily trapped within the arterial wall, while larger par-
ticles can deposit more cholesterol, making all apoB-con-
taining particles equally atherogenic.[12]
 

Associations of ApoB/ApoA-1 and Non-HDL-C/HDL-
C with MI

Our previous study has shown that apoB/apoA-1 is a
better predictor of total occlusion than other lipid and ap-
olipoprotein measures.[13] However, this study observed
no superiority of apoB/apoA-1 in predicting MI. One
possible reason is that although apoA-1 and HDL-C ha-
ve been shown to reverse atherosclerosis, there is cur-
rently no randomized trial or genetic evidence to sugge-
st that increasing plasma HDL-C or infusing apoA-1 can
reduce the risk of cardiovascular events.[14,15] Although
some studies have reported the superiority of apoB/ap-
oA-1 to lipid ratios[16] and single apolipoprotein measu-
res in predicting clinical outcomes,[17] it is premature to
use apoB/apoA-1 and non-HDL-C/HDL-C in place of
apoB and non-HDL-C in current clinical practice, given
the lack of evidence on cardiovascular benefits of incr-
easing the levels of apoA-1 and HDL-C, and the fact that
ratios are not as intuitively interpretable and easily avail-
able as single measures. 
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Associations of Apolipoprotein and Lipid Measures
in ACS and CCS Patients

An unexpected finding of this study was that lipid
measures could predict MI in ACS patients but not CCS
patients. One possible explanation for this discrepancy is
the limited statistical power of the analyses for CCS pa-
tients, with only 216 MIs and even fewer events in conc-
ordance/discordance groups. Another contributing fa-
ctor could be the potentially poorer adherence to statin
therapy in CCS patients due to their lower level of con-
cern about the disease compared to ACS patients. Con-
sequently, the less controlled LDL-C levels in CCS pati-
ents could have weakened the observed difference be-
tween the associations of LDL-C and other measures wi-
th MI. However, since we did not collect information on
statin type, dose, and adherence, we were unable to ad-
just for this potential confounder.

Furthermore, another possible mechanism is the pa-
thophysiological differences between the two patient po-
pulations. Firstly, lipids can be regarded as acute-phase
reactants, and the modification of lipid profiles after ACS
may have partially contributed to the different results be-
tween the two populations.[18,19] Secondly, the ACS gro-
up had a significantly higher level of high-sensitivity C-
reactive protein than the CCS group, indicating that ACS
patients had a heightened inflammatory state. Inflam-
mation is known to be an aggravator of atherogenesis,[20,21]

and enhanced inflammation may promote the atheroge-
nic function of apoB-containing particles. Additionally,
ACS patients have a higher oxidative stress status and a
more deteriorated antioxidant status than CCS patien-
ts.[22] Few studies comparing lipid measures have distin-
guished between ACS and CCS patients, and the find-
ings of this study may raise important questions that re-
quire further investigation. 

LIMITATIONS

The limitations of this study should be noted. Firstly,
the observational design, single-center, and single race po-
pulation may limit the generalizability of the findings.
Secondly, this study only used single measurements of
apolipoprotein and lipid measures. Thirdly, the study did
not have information on the type, dose, treatment dura-
tion, and adherence of statins during follow-up. Fourth-
ly, the most conservative method to discordance analys-
is was adopted, where apolipoprotein and lipid meas-
ures were classified based on their respective medians.

Last but not least, it is concerning that apolipoprotein
and lipid measures in CCS patients lacked predictive
power for future MI. It is uncertain whether this was due
to low statistical power or specific underlying mechan-
isms. Further studies are needed to investigate whether
the ability of atherogenic particles to promote cardiovas-
cular events differs between ACS and CCS patients. Mo-
reover, future research should explore the optimal cut-
off values of apoB and non-HDL-C in statin-treated CAD
patients, and future translational research and clinical
evidence are required to determine whether reducing
apoB and non-HDL-C levels can effectively reduce the
occurrence of cardiovascular events. 

CONCLUSIONS

ApoB predicts MI in statin-treated CAD patients bet-
ter than non-HDL-C and LDL-C, especially in ACS pa-
tients. Apolipoprotein and lipid ratios showed no supe-
riority to single apolipoprotein and lipid measures in pr-
edicting MI. 
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