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Abstract
Introduction  The current way to assess the risk of cardiovascular disease (CVD) is to measure conventional lipid and lipo-
protein cholesterol fractions. Despite the success of statin treatment, residual cardiovascular risk remains high. Therefore, 
the value of extensive serum apolipoprotein (apo) profiling to assess the risk of ST-segment elevation myocardial infarction 
(STEMI) and of major adverse cardiac events (MACE) in patients with STEMI was investigated in a case–control design.
Methods and results  Serum apo levels were measured using liquid chromatography and mass spectrometry in 299 healthy 
individuals and 220 patients with STEMI. First, the association of apo profiles in baseline samples with risk of STEMI was 
examined, and second, the association of apo profiles at baseline with risk of recurrent MACE in patients with STEMI in 
a longitudinal study design was studied. High baseline (> 1.25 g/L) apoA1 levels were associated with a decreased risk of 
STEMI [odds ratio (OR) 0.17; 95% CI 0.11–0.26], whereas high apoB (> 1.00 g/L) levels (OR 2.17; 95% CI 1.40–3.36) 
and apoB/apoA1 ratio (OR per 1 SD (OR/SD): 2.16; 95% CI 1.76–2.65) were associated with an increased risk. Very-low-
density-lipoprotein (VLDL)-associated apos gave conflicting results. Neither conventional lipid levels nor apo levels were 
associated with MACE in the STEMI group.
Conclusion  In conclusion, apoA1, apoB, and apoB/apoA1 were strongly associated with risk of STEMI. No clear relation 
between VLDL-associated apos and the risk of STEMI was found. Neither baseline serum apos nor lipids predicted MACE 
in statin-treated patients during long-term follow-up after a first STEMI.

Keywords  Apolipoproteins · Residual cardiovascular risk · Quantitative proteomics · STEMI

Introduction

Identification of patients at high risk for developing ST-
segment elevation myocardial infarction (STEMI) is essen-
tial. Dyslipidemia in these patients is one of the factors that 
impair their long-term clinical outcome [1–4]. The current 
way to assess risk of cardiovascular disease (CVD) and its 

complications such as acute myocardial infarction (AMI), 
is, amongst others, quantification of total cholesterol (TC), 
LDL-cholesterol (LDLc), HDL-cholesterol (HDLc), and tri-
glycerides (TG) concentrations in serum. Notwithstanding 
the success of statin treatment for reaching treatment goals, 
the residual cardiovascular risk being about 70% remains 
remarkably high [5–7]. The R3I initiative aims to explain 
this residual cardiovascular risk by looking for improved 
diagnostic, prognostic, and therapeutic biomarkers, beyond 
traditional risk factors [8].

The measurement of functional and structural protein 
components of lipoproteins, i.e., apolipoprotein (apos), is 
suggested to have additional value for coronary artery dis-
ease (CAD) risk assessment [9–15]. It has been suggested 
that apoB is a better marker of CAD risk than LDLc [9–11] 
and superior to non-HDLc [14, 16]. Furthermore, investi-
gators from the INTERHEART study have shown that the 
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apoB/apoA1 ratio was a better risk marker of AMI than the 
TC/HDLc ratio [13]. Recently, Pechlaner et al. presented in 
the Bruneck study new data about the relation of very-low-
density-lipoprotein (VLDL)-associated apos, i.e., apoCII, 
apoCIII, and apoE, with incident CVD. These apos were 
found to be strong predictors of CVD [17]. The association 
of apoCIII with incident CVD was further corroborated by 
Van Capelleveen et al. [18] in a nested case–control study 
of the EPIC-Norfolk cohort. As residual cardiovascular 
risk remains high [8] even after successful treatment of tra-
ditional risk factors, a case–control study with long-term 
follow-up of patients with STEMI was executed to evaluate 
the value of extensive serum apo profiling for (1) prediction 
of STEMI and for (2) prediction of recurrent major adverse 
cardiac events (MACE) in patients with STEMI. The aim of 
this study was to focus on quantifying serum apoA1, apoB, 
apoCI, apoCII, apoCIII, and apoE, beyond serum lipids and 
lipoprotein cholesterol fractions. A previously developed 
method for quantitative serum apo profiling using liquid 
chromatography (LC) and mass spectrometry (MS), which 
has proven to be highly accurate and in concordance with 
quality requirements for medical tests, independent of the 
presence of hypertriglyceridemia, was used [19].

Methods

Study design

In the current study, the lipid and apo profiles in patients 
with STEMI from the MISSION! Intervention Trial [20] 
were compared with those of random digit dialing (RDD) 
controls from the Dutch Multiple Environmental and 
Genetic Assessment of risk factors for venous thrombosis 
(MEGA) study, a population-based study on risk factors for 
venous thrombosis [21]. Second, in patients with STEMI, 
the risk of recurrent MACE in a longitudinal study design 
was evaluated.

Study participants

Patients with first STEMI admitted to the Leiden Univer-
sity Medical Center between February 2004 and October 
2006 and included in the MISSION! Intervention Trial 
were included as cases. The study cohort consisted of 
297 consecutive STEMI patients treated with primary 
percutaneous coronary intervention (pPCI). STEMI was 
defined as ongoing chest pain (> 30 min), accompanied 
with ST elevation (≥ 0.2 mV in ≥ 2 leads in V1–V3 or 
≥ 0.1 mV in other leads) or presumed new left bundle 
branch block and a typical rise of high-sensitivity car-
diac troponin-T (hs-cTnT). In case of out-of-hospital 

cardiac arrest, only patients with return of spontaneous 
circulation at the moment of arrival at the catheteriza-
tion laboratory were included. Patients with prior AMI 
(n = 11), prior PCI (n = 3), and/or prior coronary artery 
bypass grafting (CABG) (n = 1) were excluded. A total of 
5 patients had no available frozen serum samples for quan-
titative serum apo profiling. Since in the MEGA study, 
only controls were included who were < 70 years, MIS-
SION patients who were > 70 years were excluded in this 
logistic regression analysis (n = 57). Therefore, in total, 
220 cases were included. During the study, all patients 
were treated according to the institutional MISSION! 
protocol [22] based on guidelines of the European Soci-
ety of Cardiology, American College of Cardiology, and 
the American Heart Association [23, 24]. The MISSION! 
protocol contains a standardized pre-hospital, in-hospital 
and outpatient clinical framework to optimize treatment. 
One of the in-hospital MISSION! performance indicators 
was to administrate statin therapy (rosuvastatin 10 mg) 
within 24  h after admission. In the outpatient phase, 
patients visited the outpatient clinic four times during the 
first year after STEMI. LDLc treatment goals at that time 
were < 2.5 mmol/L according to the guidelines at the time. 
Based on patients LDLc levels, statin therapy was adjusted 
according to reach the treatment goals [52, 53].

Controls were individuals who participated in the 
control arm of the MEGA study [19]. This case–control 
study included 4956 consecutive patients aged 18–70 years 
with a first deep vein thrombosis or pulmonary embolism, 
between March 1999 and September 2004. Partners of 
patients and individuals identified by RDD were asked 
to participate as controls. In total, 6297 controls (3297 
partners and 3000 by random digit dialing) were included.

Of 3000 enrolled RDD controls, a random sample of 
300 individuals was drawn for apo profile analysis and an 
extensive questionnaire including a list of potential risk 
factors for CVD. One RDD control was excluded because 
of a technical failure. No other exclusion criteria were 
applied to RDD controls.

Data collection

Data of each MISSION! patient are systematically col-
lected in the electronic patient file (EPD-VISION, Leiden) 
using a unique identification number. Of interest for the 
present analysis are the items on age, sex, and statin use 
at time of blood draw. Body mass index (BMI) was calcu-
lated by dividing weight (in kg) by height squared (m2). A 
BMI between 18.5 and 25 kg/m2 was defined as normal, 
between 25 and 30 kg/m2 as overweight, and ≥ 30 kg/m2 
as obese. Patients using statins at the time of blood with-
drawal were regarded as statin users.
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Follow‑up in the MISSION! study

Information on all-cause mortality was obtained from the 
Dutch Municipality Records registry. Cause of death was 
retrieved from general practitioners. Clinical follow-up data 
were collected during the 30 days, 3-, 6-, and 12-month 
outpatient clinic visits. Follow-up data on serious adverse 
events including myocardial infarction, revascularisation, 
and stroke were obtained by telephone interviews at 2, 5, 
and 10 years after admission.

MACE was defined as the combined endpoint of 10-year 
clinical outcome, including death, AMI, revascularisation 
(PCI or CABG), and stroke.

Blood collection and laboratory analysis

In the MISSION Intervention Trial, baseline blood samples 
were obtained at presentation (immediately before the PCI 
procedure was performed). The median time between onset 
of symptoms and blood withdrawal was 180 (IQR 120–252) 
min. Standard lab included non-fasting TC, HDLc, and TG, 
which were analysed directly. These levels enabled calcula-
tion of LDLc. An extra serum sample was coagulated for at 
least 60 min before centrifugation at 1500xg for 10 min at 
a temperature below 18 °C. Sera were pipetted into 1.1 mL 
Micronic tubes. Within 2 h after vena puncture, the serum 
samples were frozen in a − 70/− 80 °C freezer.

To determine the apo profile, a mass spectrometric 
method was developed for multiplexed quantification of 
six serum apos (apoA1, apoB, apoCI, apoCII, apoCIII, and 
apoE), including apoE phenotyping [19]. In contrast to clas-
sical HDLc and LDLc tests and lipoprotein particle counting 
methods, the quantitative proteomics test allows adequate 
quantification of unequivocally characterized apos with an 
analytical performance that meets test requirements derived 
from biological variation. Apo quantification by liquid chro-
matography (LC)–mass spectrometry (MS/MS) starts with 
solubilisation and denaturation of serum proteins before 
enzymatic digestion that generates signature peptides for the 
intact serum proteins. The peptides in the serum digest are 
separated by LC and detected by tandem MS/MS.

In MEGA controls, TC, TG, HDLc, apoA1, and apoB 
were measured on stored (− 80 °C) fasting serum samples. In 
2015, apoA1 and apoB were measured with immunoturbidi-
metric tests on routine clinical chemistry analysers. In 2017, 
the complete apo profile (apoA1, apoB, apoCI, apoCII, 
apoCIII ,and apoE, plus apoE phenotyping) was measured 
in the same stored fasting serum samples that were thawed 
twice. Since apoA1 and apoB were measured twice, i.e., 
both in once and twice thawed sera, Bland–Altman plots 
and scatter plots were used to evaluate potential systematic 
error due to freeze-thawing once or twice. Results showed a 
mean difference of 0.09 g/L (95% CI − 0.12 to 0.30 g/L) for 

apoA1 and 0.08 g/L (95% CI − 0.08 to 0.23 g/L) for apoB, 
and r2 of 0.89 and 0.93, respectively. Since no systematic 
error appeared to be present, it was considered likely that 
freezing and thawing serum samples did not influence levels 
of apo profiles in MEGA.

Frozen storage of the serum samples was ensured by con-
tinuous, online temperature registration of the freezers.

TC and TG were measured by a colorimetric method 
(CHOD-PAP for TC and GPO-PAP for TG) on a Modular 
P analyser (Roche Diagnostics, Indianapolis, IN). HDLc 
was measured by a direct method based on the Kyowa 
Medex reaction principle using polyethylene glycol-
modified enzymes (Roche Diagnostics, Indianapolis, IN). 
LDLc levels were calculated using the Friedewald for-
mula [LDLc = TC − HDLc − (TG/2.2) for mmol/L]. If TG 
exceeded 4.52 mmol/L, LDLc was not calculated. In the 
MEGA study, the apo profile was determined similarly as 
in the MISSION! cohort. Remnant cholesterol concentration 
was calculated by TC − LDLc − HDLc.

Cut‑off points for lipid and apo profiles

The definitions of Nordestgaard et al. for abnormal lipid or 
apo levels in non-fasting state were used: TC 5.0 mmol/L, 
LDLc 3.0 mmol/L, HDLc 1.0 mmol/L, TG 2.0 mmol/L, 
remnant cholesterol 0.9 mmol/L, non-HDLc 3.9 mmol/L, 
apoA1 1.25 g/L, and apoB 1.0 g/L [25]. Since these cut-
off points were not known for apoCI, apoCII, apoCIII, and 
apoE, quartile cut-off points of both conventional lipids and 
apos were used. One prior study analysed new apo profiles 
by a per standard deviation (SD) increase in controls,[17] 
which was also performed in the current study to evaluate 
whether this would yield similar results.

Statistical analysis

Continuous variables with a normal distribution are pre-
sented as mean ± standard deviation (SD). Not-normally 
distributed data are presented as medians and interquartile 
range (IQR). The Mann–Whitney U test was used to test 
differences between two groups of not-normally distrib-
uted data. Lipid/apo profiles were log-transformed if not-
normally distributed. Categorical variables are expressed as 
numbers and percentages.

To study determinants of conventional lipid and apo 
profiles in the general population, simple and multiple 
linear regression analyses were performed in the group 
of healthy individuals. To determine the association of 
various lipid and apo profiles with (1) risk of STEMI and 
(2) risk of MACE in patients with STEMI, odds ratios 
(ORs) with 95% confidence intervals (CIs) were calcu-
lated, and were adjusted for age, sex, and statin use by 
logistic regression methods. Model 1 in Table 3 is defined 
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as the OR for the risk of STEMI adjusted for age, sex, and 
statin use. Model 1—statin users are the same model, but 
with statin users excluded.

Duration of follow-up was counted from time of first 
STEMI to end of follow-up, defined as 10-year follow-
up, the date of a MACE, or lost to follow-up, whichever 
occurred first. Incidence rates of MACE or death were 
estimated as the number of events over the accumulated 
follow-up time. Cox-proportional hazards models were 
used to evaluate risks between groups, and were progres-
sively adjusted for age, sex, and statin use. In all regres-
sion analyses, a preplanned sensitivity analysis was per-
formed in which statin users were excluded at the time of 
blood draw (n = 40), as statin use do affect conventional 
lipid levels and apo profiles. To evaluate changes over time 
in lipid levels within patients a paired T test or a Wilcoxon 
signed rank test was performed when appropriate. All sta-
tistical tests were 2-tailed, p values < 0.05 were considered 
statistically significant. All statistical analyses were per-
formed with SPSS for Windows, version 24.0 (SPSS Inc., 
IBM, Armonk, NY).

Results

In total, 220 STEMI patients and 299 control subjects were 
eligible for this study. As expected, patients in the STEMI 
group were older (mean age 55.0 ± 9.37 years) than RDD 
controls (mean age 47.5 ± 13.1 years) in the control group. 
Patients with STEMI were more often men as compared 
with the control group (78.6% and 46.2%, respectively). 
Overall, the STEMI group had a lipid profile consistent 
with an increased cardiovascular risk. Whereas TC and 
LDLc levels did not differ between the two groups, HDLc 
was significantly lower and TG and remnant cholesterol 
were significantly higher in the STEMI group. ApoA1 was 
significantly lower in the STEMI group than in the control 
group (1.24 ± 0.24 g/L versus 1.53 ± 0.31 g/L, respectively, 
p < 0.001) and apoB was significantly higher in the STEMI 
group than in the control group (1.18 ± 0.25 g/L versus 
1.08 ± 0.29 g/L, respectively, p < 0.001). All baseline char-
acteristics are summarized in Table 1.

Table 2 shows the association of conventional lipids and 
apos with cardiovascular risk factors (age, gender, smoking, 

Table 1   Baseline characteristic 
table

Categorical variables expressed by number (%)
Numerical variables expressed by mean (SD) or median (IQR)
Comparisons between groups were made using Chi square test for categorical variables and independent T 
test or Mann–Whitney U test for continuous variables
BMI body mass index, HDLc high-density-lipoprotein cholesterol, LDLc low-density-lipoprotein choles-
terol, Apo apolipoprotein

Patients (n = 220) Controls (n = 299) p value

Mean age, year (SD) 55.0 (9.37) 47.5 (13.1) < 0.001
Men, n (%) 173 (78.6) 138 (46.2) < 0.001
Statin use at blood draw, n (%) 18 (8.2) 22 (7.4) 0.717
Mean BMI, kg/m2 (SD) 26.63 (3.98) 25.32 (4.24) < 0.001
Normal weight, n (%) 87 (40.1) 153 (52.4) 0.016
Overweight, n (%) 91 (41.9) 104 (35.6) 0.028
Obesity, n (%) 39 (18.0) 35 (12.0) 0.012
Smoking history, n (%) 139 (63.2) 174 (58.8) 0.312
Cholesterol, mmol/L, mean (SD) 5.63 (1.09) 5.54 (1.10) 0.333
Triglycerides, mmol/L, median (IQR) 1.53 (1.01–2.22) 1.23 (0.97–1.88) 0.002
HDLc, mmol/L, mean (SD) 1.27 (0.36) 1.37 (0.40) 0.004
LDLc, mmol/L, mean (SD) 3.48 (0.94) 3.49 (1.00) 0.912
Remnant cholesterol, mmol/L, mean (SD) 0.88 (0.72) 0.68 (0.36) < 0.001
ApoA1, g/L, mean (SD) 1.24 (0.24) 1.53 (0.31) 0.001
ApoB, g/L, mean (SD) 1.18 (0.25) 1.08 (0.29) < 0.001
ApoCI, mg/L, mean (SD) 20.03 (7.82) 21.38 (5.33) 0.020
ApoCII, mg/L, median (IQR) 36.10 (20.99–58.71) 34.32 (19.38–55.24) 0.440
ApoCIII, mg/L, median (IQR) 86.89 (65.48-117.08) 97.33 (77.56–119.90) 0.002
ApoE, mg/L, mean (SD) 33.15 (26.6) 30.71 (13.04) 0.170
Ratio apoB/apoA1, mean (SD) 1.00 (0.29) 0.74 (0.25) 0.001
Non-HDLc, mmol/L, mean (SD) 4.36 (1.07) 4.17 (1.13) 0.050
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obesity, and statin use) in control subjects. In these indi-
viduals, older age was correlated with significantly higher 
levels of almost all lipid and apo levels. Female controls 
had a slightly more favorable apo profile with a signifi-
cantly higher apoA1 and lower apoB, than male controls. 
Furthermore, smoking and obesity were associated with sig-
nificantly higher levels of apoB, but not with significantly 
higher LDLc levels.

Table 3 demonstrates the OR of STEMI for various lipid 
and apo profiles. These are shown as high versus low lev-
els, divided per quartile and per 1-SD increase. ORs were 
adjusted for age, gender, and statin use (model 1). Fig-
ure 1 illustrates the association of risk of STEMI per 1-SD 
increase for each lipid or lipoprotein, in which statin users 
are excluded (Model 1—statin users). TC and LDLc showed 
no association with the risk of STEMI. The adjusted OR for 
high HDLc was 0.51 (95% CI 0.32–0.82) which was similar 
in the group without statin users. High remnant cholesterol 
levels were significantly associated with risk of STEMI with 
an OR of 1.61 (95% CI 1.03–2.51). The OR per SD increase 
(0.36 mmol/L) was 1.21 (95% CI 1.03–2.42).

High apoA1 levels were strongly associated with risk of 
STEMI with an OR of 0.17 (95% CI 0.11–0.26). Per SD 
increase of apoA1 (0.31 g/L) the OR was 0.24 (95% CI 
0.18–0.33). These results were similar in the group without 
statin users. High apoB levels were also associated with risk 
of STEMI with an OR of 2.17 (95% CI 1.40–3.36). This 
effect appeared to be even stronger in the group without 
statin users (OR 2.46; 95% CI 1.53–3.95). Per SD increase 
of apoB (0.29 g/L), the OR of STEMI was 1.27 (95% CI 
1.02–1.57) in the total group, and 1.36 (95% CI 1.08–1.72) 
in the group without statin users. High baseline apoB/apoA1 
ratios were also associated with STEMI risk. The OR per 
SD increase (0.25) was 2.16 (95% CI 1.76–2.65) in the total 
group and 2.29 (95% CI 1.84–2.85) in the group without 
statin users.

High apoCI levels were associated with risk of STEMI 
with an OR of 0.32 (95% CI 0.18–0.57) of the highest quar-
tile versus the lowest quartile. Per SD increase of apoCI 
(5.33 mg/L), the OR was 0.76 (95% CI 0.62–0.93). The 
VLDL-associated apos gave conflicting results. No associa-
tion of apoCII and apoE with the risk of STEMI was found, 
whereas higher apoCIII was associated with lower risk of 
STEMI in the groups divided by quartiles. The highest quar-
tile of apoCIII versus its lowest quartile was associated with 
an OR of 0.41 (CI 95% 0.24–0.72) for risk of STEMI.

At discharge, 100% of the STEMI patients were on sta-
tin therapy. The fast majority was on rosuvastatin 10 mg 
daily. Values of continuation samples of conventional lipo-
proteins were available in STEMI patients after 1 year. 
Mean TC levels were reduced from 5.63 ± 1.09 mmol/L to 
3.96 ± 0.73 mmol/L which is a 27% reduction (p < 0.001). 
Mean LDLc was 2.33 ± 0.75  mmol/L compared to 

3.48 ± 0.94 at baseline, which is a 27% reduction (p < 0.001). 
HDLc raised from 1.27 ± 0.36 mmol/L to 1.40 ± 0.36 which 
is an increase of 12% (p < 0.001) Median triglyceride 
level was 1.31 mmol/L (1.00–1.80) at baseline compared 
to 1.53 mmol/L (1.01–2.22) after 1 year which is a 20% 
reduction (p < 0.001). According to medical record review 
7 patients (3.2%) were not on statin therapy after 1 year due 
to pharmacological side effects.

In the patients with STEMI 83 (38%) events were 
observed after a mean follow-up duration of 8.94 years. 
For each baseline lipid and apo species the hazard ratio for 
MACE was calculated after adjustment for age, gender, and 
statin use. Neither conventional lipid levels nor apo levels 
were associated with a recurrent event in the STEMI group 
(Table 4).

Discussion

In this case–control study with 10-year follow-up of the 
STEMI patients the value of extensive lipid and apo profiling 
to predict STEMI or MACE was studied. Key findings of the 
study are: (1) apoA1, apoB and the apoB/apoA1 ratio were 
strongly associated with the risk of developing a STEMI; (2) 
remnant cholesterol was significantly associated with risk 
of STEMI; (3) apoCII, apoCIII and apo E were not clearly 
associated with risk of STEMI; and (4) no significant asso-
ciation of serum lipids or serum apos with MACE in STEMI 
patients during follow-up who were all treated with statins 
during follow-up was found.

Despite current standards of care aimed at achieving 
targets for LDLc and other traditional risk factors, STEMI 
patients remain at high risk of new cardiovascular events [8, 
13]. The results of this study are in line with this, with a 38% 
event rate during almost 9-year follow-up.

In recent years, it has been demonstrated that apoA1, 
apoB and apoB/apoA1 ratio can predict CVD better than 
LDLc [9–13, 26–28]. In this study similar results were 
found. Adjusted for age, gender and statin therapy, elevated 
levels of apoB and apoB/apoA1 ratio were associated with 
an increased risk of developing a STEMI and LDLc was 
not. Holmes et al. recently confirmed these results in a 
nested case–control study showing that apoA1, apoB and 
apo/apoA1 ratio were strongly associated with risk of MI 
[15]. Similar results were also obtained in a previous meta-
analysis of Sniderman et al. leading to the conclusion that 
apoB is superior to non-HDLc and that non-HDLc is supe-
rior to LDLc as a predictor of CVD risk [16]. Taken all this 
evidence in mind a slow but progressive shift towards the 
use of serum apos in clinical practice can be observed. Sev-
eral position or consensus statements and guidelines from 
medical associations, therefore, recommend introduction 
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of apoB levels as (secondary) treatment target in clinical 
practice [29–32].

ApoB concentration represents the total number of ath-
erogenic particles including VLDL, intermediate-density 
lipoprotein (IDL), IDL remnants, LDL and lipoprotein (a), 
as each of these particles carries one molecule of apoB. With 
the routine measurement of apoB, a considerable number of 
events could be prevented on top of LDLc [16]. The clini-
cal use of apoB levels will be an important step towards 
precision medicine. It would be ideal if—in the future—
events of an individual patient may be predicted and hereby 
improve risk stratification for future events. For example, 
recently Hermans et al. showed that premature CAD may 
occur in patients with an apoCII deficiency with normo-
triglyceridemia [33]. Despite the fact that these patients 
had a low a priori risk for CAD [54], they presented with 
STEMI at young age and had a high relative risk of 10-year 
re-infarction or revascularization [30]. This contrasts with 
the phenotype described in textbooks, where a total lack of 
apoCII is assumed to result in intravascular TG accumula-
tion because of inactivation of LPL, whereby delayed intra-
vascular TG lipolysis is a strong and independent predictor 
of CAD [34, 35].

So far, only serum apo A1 and B were measured in medi-
cal laboratories, whereas the apos CI, CII, CIII and E are not 
routinely measured. To determine the full panel of serum 
apos in a multiplexed and immunoassay independent way, 
van den Broek et al. [19] recently developed a quantitative 
serum apo profiling test using LC–MS/MS. This LC–MS/
MS test produces highly accurate test results, which are in 
concordance with quality requirements for medical tests. 
Furthermore, the test is not confounded by hypertriglyc-
eridemia [19]. Moreover, the multiplex apo test can be per-
formed in the non-fasting state [25].

Remnant cholesterol is the cholesterol content of triglyc-
eride-rich lipoproteins, composed of mainly VLDL and IDL 
[36, 37]. The current study shows that remnant cholesterol 
level was associated with an increased risk of STEMI. These 
results are in concordance with the results of several other 
studies [36, 38]. Varbo et al. implied a causal risk of elevated 
remnant cholesterol levels for ischemic heart disease, inde-
pendent of HDLc levels [38].

The VLDL-associated apos apoCII, apoE and—to a large 
extent—apoCIII have recently been identified as potentially 
important new risk factors [17, 18]. These apos are abundant 
on TG-rich lipoproteins, strongly modulate their metabolism 

Fig. 1   Odds ratio for a 1-SD 
higher (95% CI) risk of 
STEMI for each individual 
lipid marker. The risk was 
adjusted for age and sex. 
Statin users were excluded. 
Significance: ***p < 0.001, 
**p < 0.05, -p > 0.05. 1 SD cor-
responds to: TC, 1.10 mmol/L; 
TG, 0.81 mmol/L; HDLc, 
0.40 mmol/L; LDLc, 
1.00 mmol/L; remnant 
cholesterol, 0.36 mmol/L; 
apoA1, 0.31 g/L; apoB, 
0.29 g/L; apoCI, 5.33 mg/L; 
apoCII, 27.64 mg/L; apoCIII, 
37.12 mg/L; apoE, 13.04 mg/L; 
apoB/apoA1, 0.25; non-HDLc, 
1.13 mmol/L. Apo apolipopro-
tein, OR Odds Ratio, STEMI 
ST-segment elevation myo-
cardial infarction, SD standard 
deviation, TC total cholesterol, 
TG triglycerides, HDLc high-
density-lipoprotein cholesterol, 
LDLC low-density-lipoprotein 
cholesterol, Apo apolipoprotein
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[39], and might play an important role in the development 
of atherosclerosis and subsequent CVD.

Recently, Pechlaner et al. [17] showed that apoCII, apoC-
III and apoE were strongly associated with incident CVD 
in the general community. This finding was supported by 
Van Capelleveen et al. [18]. These results could, however, 
not be confirmed in the current case–control study. In fact, 
no clear relation was found between VLDL-associated apos 
and the risk of STEMI. These conflicting results could have 
several explanations. First of all, the blood samples of the 
cases were drawn soon after admission to the hospital, i.e., in 
a non-fasting state. The blood samples of the control group 
were obtained in a fasting state. Second, in both cases and 
controls the TG levels are 0.5 mmol/L lower than in the 
EPIC Norfolk population study, so the results in the current 
study may not be generalizable with the EPIC Norfolk popu-
lation study. Third, the information about the percentage of 
controls that have diabetes mellitus (DM) was self-reported 
(1.7%). In the STEMI group 7.7% had DM.

The relation of apoE with CVD risk is more controver-
sial. Although Pechlaner et al. found a strong association, 
a meta-analysis with almost 10,000 individuals and 1400 
events recently performed by Sofat et al. found no associa-
tion of apoE with CVD [40].

In STEMI patients, no association of baseline serum 
lipids or serum apos with MACE during long-term follow-
up was found. Although earlier results from the TNT study 
[41] suggest that baseline apoB and apoA1 levels are associ-
ated with residual risk in a statin-treated secondary preven-
tion population, the current results did not confirm these 
findings. This can be due to several reasons. First of all, 
100% of the patients were put on statin therapy after their 
STEMI which clearly had an effect on baseline lipid and 
apo concentrations which could diminish the relation with 
cardiovascular events. It has been demonstrated that statin 
therapy reduces 5-year incidence of major coronary events 
by about 20% per mmol/L reduction in LDL cholesterol [42]. 
In this cohort a 27% percentage reduction in LDL-c after 
1 year was observed. This significant reduction in lipid con-
centrations together with the limited number of recurrent 
events could explain why no association was found between 
apos or lipid concentrations and recurrent events. Unfortu-
nately, all measured apos were only available as baseline 
samples and not as continuation samples, so the impact of 
statin therapy on apo levels in this cohort is unknown. For 
example, van Lennep et al. demonstrated that, in patients 
with effective statin treatment, on-treatment levels of apoB 
and apoA1 were significantly predictive for recurrent events 
in CAD patients [43]. Second, the determinants of residual 
risk in statin-treated patients are multifactorial. For exam-
ple. smoking, hypertension, diabetes, high BMI and higher 
inflammation grades all contribute to a higher residual risk 
[15, 41, 44, 45]. All these (modifiable) risk factors could 

have played a role in the occurrence of a recurrent event 
and perhaps did these risk factors obscure the association 
of apos and lipids with recurrent events. At last, the mean 
follow-up duration was almost 9 years, instead of 5 years in 
the TNT study.

The primary goal in STEMI patients is to reduce the 
residual risk as much as possible. Statin therapy has shown 
to reduce the residual risk substantially by reducing LDLc 
levels, [46] but the effect on LDLc levels is confined, [47, 
48] so the need for other powerful cholesterol-lowering 
agents or other modifiable risk factors is needed. The 
IMPROVE-IT study showed that ezetimibe provides an 
incremental reduction in LDLc of 15–20% which resulted 
in an increased risk reduction for cardiovascular events 
[49]. Furthermore, recently, the Fourier study demonstrated 
their results with the PCSK9 antagonist evolucumab. They 
showed an additional lowering of more than 50% of LDLc 
levels on top of statin therapy with evolucumab compared to 
placebo in high-risk patients. Inhibition of PCSK-9 reduced 
furthermore the risk of cardiovascular events [50]. In the 
nearby future the results from the ODDESSEY OUTCOME 
will be published [51], where 18,000 post ACS patients were 
administrated with either alirocumab or placebo. Preliminary 
results showed us that these powerfull cholesterol-lowering 
agents further reduced residual cardiovascular risk by fur-
ther lowering LDL-c levels. However, as we currently know, 
LDLc is not discriminating and refined enough to identify 
high-risk patients and we should need to work towards bet-
ter, more meaningfull and well characterized medical tests 
such as apos to measure pharmacological effects. Current 
AHA and ESC dyslipidemia guidelines mainly focus on 
LDLc reduction as primary treatment target. However, in 
line with several position statements, guidelines and the 
INTERHEART study, [13, 29–31] valuable effort should 
be made to substantially modify apoB and apoB/apoA1 
ratio. These apos can reliably be measured and a substantial 
modification could lead to further reduction of the residual 
cardiovascular risk.

Some potential limitations deserve a comment. First, 
the controls of the MEGA population were < 70 years; so, 
results from the case–control study only apply to individu-
als < 70 years. Second, apoC and E levels were measured in 
MEGA controls in serum that was thawed twice. However, 
Bland–Altman plots and scatterplots suggest that this did 
not lead to measurement error as apoA1 and apoB levels 
that were measured on both once and twice thawed serum 
showed equivalent levels with r2 of 0.89 and 0.93, respec-
tively, but the effect of thawing on apoC and apoE levels 
is unknown. Furthermore, the models for risk of STEMI 
and MACE were adjusted for age, gender and statin use. An 
important factor modifying the association between (apo) 
lipoproteins and outcome is inflammation. Since C-reactive 
protein was measured in the acute phase in the STEMI 
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cohort, and in the non-acute phase in the MEGA cohort, 
we were not able to reliably adjust the apo (lipoproteins) for 
inflammation.

Conclusion

In conclusion, apoA1, apoB, and apoB/apoA1 ratio and 
remnant cholesterol were strongly associated with risk of 
STEMI, the apoB/apoA1 ratio being superior to LDLc and 
non-HDLc. Second, no clear relation of apoCI, apoCII, 
apoCIII and apoE with the risk of STEMI as compared with 
a population-based control group was found. Neither serum 
lipids nor serum apos predicted death, re-infarction or revas-
cularization in statin-treated patients during follow-up after 
a first STEMI. Valuable effort should be made to further 
reduce residual cardiovascular risk by intensive life style 
modification, by testing new powerful cholesterol-lowering 
agents and using additional more discriminating and more 
refined treatments targets like apoB and apoB/apoA1 ratio.
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