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Chapter 6

ABSTRACT
Objective: Plasma apolipoprotein C-III (apoC-III) levels are associated with coronary 

artery disease (CAD) risk. We aimed to assess the relative predictive value for CAD of apoC-
III levels associated with specific lipoproteins.

Approach and Results: Plasma apoC-III and apoC-III associated with apoB-, apoAI- 
and Lp(a) (apoCIII-apoB, apoCIII-apoAI and apoCIII-Lp(a), respectively) were measured using 
high-throughput chemiluminescent ELISA’s in baseline samples from 2711 subjects (1879 
controls and 832 cases with CAD) in the EPIC-Norfolk prospective population study with 
7.4 years of follow-up. The apoCIII-apoB and apoCIII-apoAI measures reflect the amount of 
apoC-III on saturating levels of apoB-100 and apoAI on microtiter well plates. The indices of 
“total apoCIII-apoB” and “total apoCIII-apoAI” are derived by multiplying these measures 
with plasma apoB and apoA-I. ApoCIII-ApoB and apoCIII-apoAI were significantly associat-
ed with CAD risk in univariate analysis, but did not retain significance after adjustment for 
traditional CAD risk factors. However, the index of ‘total apoCIII-apoB’, but not ‘total apoCI-
II-apoAI’, was significantly associated with CAD risk, independent from traditional CAD risk 
factors and apoC-III plasma levels. ApoCIII-Lp(a) was also a significant predictor of CAD risk 
after adjustment of CAD risk factors, including Lp(a) levels. 

Conclusions: The index of total apoCIII-apoB was a significant predictor of CAD risk, 
independent from plasma apoC-III levels. ApoCIII-Lp(a) may be a novel CAD risk marker. 
This study suggests that the CAD risk prediction can be optimized by novel and quantitative 
apoCIII-associated biomarkers in plasma.
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Lipoprotein-associated apoC-III and CAD

INTRODUCTION
Low density lipoprotein cholesterol (LDL-C) lowering agents, such as statins, eze-

timibe and PCSK-9 inhibitors have reduced the incidence of coronary artery disease (CAD).1 
Despite these successful treatment strategies, significant residual CAD risk remains, even 
with om-treatment LDL-C levels as low as 30 mg/dL. This residual risk has driven the search 
for novel biomarkers reflecting causal therapeutic targets. Genetic studies have shifted the 
attention from high density lipoprotein cholesterol (HDL-C) to triglyceride-rich lipoproteins 
(TRL) as causal risk factors in CAD development.2,3 

Apolipoprotein C-III (apoC-III) is a small circulating apolipoprotein that is a key regula-
tor of TRL metabolism. ApoC-III inhibits the activation of lipoprotein lipase (LPL) by apolipo-
protein C-II (apoC-II), thereby inhibiting triglyceride (TG) hydrolysis.4 It also inhibits TRL up-
take by the liver, in an LPL-independent fashion5, mediated by the LDL receptor and LRP1.6 
A causal relationship between apoC-III and CAD risk has been demonstrated by genetic 
studies that show a lower CAD risk for individuals with APOC3 loss-of function mutations.7–9 
Furthermore, apoC-III plasma levels in prospective population studies are predictive of CAD 
risk.10–12 These observations have driven the development of apoC-III lowering drugs, which 
have been shown to successfully lower apoC-III, TG and TRL particle levels in subjects with 
hypertriglyceridaemia.5,13,14

One of the major, unresolved issues regarding apoC-III metabolism is the distribu-
tion of apoC-III among circulating lipoproteins. Several studies have identified specific sub-
groups of subjects at increased CAD risk based on the number of apoC-III containing LDL 
or HDL particles,15,16 but their association with CAD risk has been inconsistent.17 One of the 
explanations for this inconsistency lies in the complicated methods that are required for 
these assays. To measure apoC-III content in specific lipoprotein fractions, immunoaffinity 
chromatography has previously been used, limited in its application for large sample siz-
es.  As a complimentary method, we have recently developed quantitative high-throughput 
sandwich chemiluminescent enzyme-linked immunoassays to detect apoC-III on individual 
lipoproteins in plasma.14

Here we report findings of apoC-III content on apolipoprotein B-100 (ApoCIII-apoB), 
apolipoprotein A-I (ApoCIII-apoAI), and lipoprotein(a) (ApoCIII-Lp(a)) containing lipoproteins 
in plasma samples from a large nested case control study in the EPIC-Norfolk prospective 
population study. The aim of this study was to assess the association of lipoprotein-associat-
ed apoC-III levels with CAD risk and other lipid related parameters in a prospective manner.
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 MATERIAL AND METHODS

Study design

A nested case-control study was performed in the EPIC-Norfolk cohort study, a pro-
spective population study comprising 25,663 men and women aged 45-79 living in Norfolk, 
United Kingdom.18 In short, participants were recruited from general practitioner registries 
and visited a clinic for non-fasting blood sample collection and completed a detailed health 
and lifestyle questionnaire for a baseline survey between 1993 and 1997.

 During follow up, all participants were flagged for mortality at the UK Office of Na-
tional Statistics, and vital status was ascertained for the entire cohort. Data on all hospital 
contacts throughout England and Wales were obtained using National Health Service num-
bers through linkage with the East Norfolk Health Authority (ENCORE) database. Hospital 
records and death certificates were coded by trained nosologists according to the Interna-
tional Classification of Diseases (ICD) 9th revision. 

Participants were identified as having CAD during follow-up if they had a hospital ad-
mission and/or died with CAD as the underlying cause, coded as ICD 410–414. These codes 
encompass the clinical spectrum of CAD, i.e., unstable angina, stable angina, and myocardial 
infarction. The study complies with the Declaration of Helsinki. The Norwich District Health 
Authority Ethics Committee approved the study and all participants gave written informed 
consent.

In 2004, we designed a prospective nested case–control study among participants of 
the EPIC-Norfolk cohort who did not report a history of heart attack or stroke at the base-
line clinic visit, as previously described.19 Cases were people who developed CAD during 
follow-up through 2003. Control participants were apparently healthy study participants 
who remained free of any cardiovascular disease during 7.4 years of follow-up. Two controls 
were matched to each case by sex, age (within 5 years), and date of visit (within 3 months). 

Laboratory measurements

Non-fasting blood samples were taken at baseline and serum levels of total cho-
lesterol, HDL cholesterol and triglycerides were measured on fresh samples with the RA 
1000 auto-analyzer (Bayer Diagnostics, Basingstoke, United Kingdom), or stored at -80 °C. 
LDL-cholesterol levels were calculated with the Friedewald formula. Remnant cholesterol 
was calculated as total cholesterol minus LDL cholesterol minus HDL cholesterol, as previ-
ously described.20

Lipoprotein subclass particle numbers and size were measured with an automated 
nuclear magnetic resonance (NMR) spectroscopic assay as described previously.21 
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Lipoprotein-associated apoC-III and CAD
Determination of total apoC-III and lipoprotein-associated apoC-III complex levels: apo-
CIII-apoB, apoCIII-Lp(a), and apoCIII-apoAI

ApoC-III plasma levels were measured at the University of California San Diego using 
an in-house chemiluminescent enzyme-linked immunoassay11 as previously reported.

Sensitive and quantitative sandwich-based chemiluminescent ELISA was used to 
measure apoC-III associated with plasma lipoproteins containing apoB-100, Lp(a), and 
apoA-I as previously described in detail.14 In the apoCIII-apoB assay, the antibody MB47 
is used on the bottom of microtiter well plates, which captures all apoB-100 (but it does 
not detect apoB48) equally.22–24 Conditions were established to ensure that the amount of 
plasma added was sufficient to provide a saturating and equal amount of each lipoprotein 
captured in each well for apoB and apoAI.14. It has been previously determined that the ac-
tual amounts of lipoproteins captured are in the nanogram range. The results are reported 
as relative light units (RLU) in 100 milliseconds after the background (TBS/BSA) RLU were 
subtracted. High and low values were added to each 96-well plate as internal controls. 

As previously described,14 absolute concentrations of lipoprotein-associated apoC-
III in apoB, apo(a) and apoAI lipoproteins are not feasible due to technical limitations. As 
the assays are currently performed, the amount of plasma is diluted to provide sufficient 
apoB, and apoA-I to saturate the capacity of the given capture antibody such that each well 
has the same amount of lipoprotein as every other well, which allows one to compare the 
amount of bound apoC-III to each respective lipoprotein between subjects. Equal amounts 
of apoB and apoA-I captured per well will always be equal in a given assay, but the absolute 
amounts of each captured analyte will be different (e.g. the amount of apoB is not equal to 
the amount of apoA-1).  However, multiplying this average relative apoC-III content per cap-
tured lipoprotein with total amount of the respective lipoprotein results in an index of the 
relative total amount of apoC-III in the respective lipoprotein fraction. For the apoCIII-Lp(a) 
assay, because some patients with have unmeasurable or very low Lp(a) levels, at a 1:50 
dilution of plasma the microtiter plates cannot be saturated with Lp(a) unless plasma con-
centration is >~30 mgdL. Therefore, an index of “total apoCIII-Lp(a)” cannot be determined 
with this assay.

Statistical analysis 

Baseline characteristics for CAD cases and controls were reported as mean ±standard 
deviation for continuous variables with a normal distribution, median (interquartile range) 
for continuous variables with a non-normal distribution, and percentage (number) for cate-
gorical variables. Baseline characteristics were calculated by lipoprotein associated apoC-III 
quintiles, and then compared using a linear regression model, including lipoprotein associ-
ated apoC-III quintiles to test for trend. Due to a skewed distribution, apoC-III, triglycerides, 
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remnant cholesterol, hsCRP, lipoprotein lipase (LPL), Lp(a) and apoA-V levels were logarith-
mically transformed before statistical analysis. For correlation between apoC-III and other 
parameters, Spearman correlation coefficients are reported with corresponding p-value. 

Mainly due to unavailability of plasma samples, not all study participants could be 
included for the current study and, as a consequence, the original matching was partially 
lost. For this reason, we decided to not perform conditional logistic regression using the 
matching variable in the model, but to perform unconditional logistic regression, incorpo-
rating age and sex in the regression model. This model was used to calculate odds ratios and 
corresponding 95% confidence intervals for CAD risk for each apoC-III quintile, using the 
lowest quintile as reference. Odds ratios were calculated for an age- and sex- adjusted mod-
el (1) and a model (2) adjusted for the following cardiovascular risk factors: age, sex, body 
mass index (BMI), current smoking, diabetes mellitus, systolic blood pressure and blood 
pressure lowering and lipid lowering medication use. All statistical analyses were performed 
using IBM SPSS software, version 22. A p-value < 0.05 was considered statistically significant.
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RESULTS

Baseline characteristics

Plasma samples for lipoprotein associated apoC-III measurements were available for 
832 cases and 1,879 controls, a total of 2,711 subjects. Baseline characteristics for cases and 
controls are shown in table 1. Age and sex were similar in both groups. Cases were charac-
terized by a higher prevalence of smoking, diabetes, lipid-lowering and anti-hypertensive 
drug use and higher body mass index (BMI) and systolic and diastolic blood pressure levels. 
Cases had a less favorable lipid profile: higher total cholesterol, LDL cholesterol, triglycer-
ides, apoB and Lp(a) levels and lower HDL-C and apoA-I levels. 

Table 1. Baseline characteristics of controls and cases.

Controls (n=1,879) Cases (n=832) p-value

Total plasma ApoC-III, mg/dL 4.8 (3.5-6.9) 5.5 (3.8-7.9) <0.001

ApoC-III/apoAI, RLU 6,423 (4,011-9,414) 6,749 (4,487-9,847) 0.005

ApoC-III/apoB, RLU 10,026 (5,945-16,068) 11,080 (6,553-17,604) 0.001

ApoC-III/Lp(a), RLU 7,385 (4,756-11,199) 8,325 (5,280-14,137) <0.001

Age, years 65.3 ±7.7 65.6 ±7.7 0.46

Sex, male 62.5% (1174) 62.5% (520) 0.99

Body mass index, kg/m2 26.3 ±3.5 27.3 ±3.8 <0.001

Current smoking 8.4% (157) 15.4% (127) <0.001

Systolic blood pressure, mmHg 139 ±18 144 ±19 <0.001

Diastolic blood pressure, mmHg 84 ±11 86 ±12 <0.001

Diabetes mellitus 1.8% (33) 6.9% (57) <0.001

Lipid-lowering drugs 1.1% (20) 3.7% (31) <0.001

Anti-hypertensive drugs 17.5% (329) 42.3% (352) <0.001

 

Total cholesterol, mmol/L 6.3 ±1.2 6.5 ±1.2 <0.001

LDL cholesterol, mmol/L 4.1 ±1.0 4.3 ±1.0 <0.001

HDL cholesterol, mmol/L 1.4 ±0.4 1.3 ±0.4 <0.001

Remnant cholesterol, mmol/L 0.7 (0.5-1.0) 0.8 (0.6-1.2) <0.001

Triglycerides, mmol/L 1.7 (1.2-2.3) 2.0 (1.4-2.8) <0.001

Apolipoprotein A-I, mg/dL 162.2 ±28.9 154.6 ±29.3 <0.001

Apolipoprotein B, mg/dL 129.1 ±31.2 137.6 ±32.7 <0.001

Lipoprotein(a), mg/dL 8.4 (6.4-13.6) 9.5 (6.9-24.7) <0.001

Continuous variables with a normal distribution are reported as mean ± sd. Continuous variables with a non-nor-
mal distribution are reported as median (interquartile range). Dichotomous variables are reported as percentage 
of total cohort (number). P-values are for student’ s T-test for continuous variables and X2 test for dichotomous 
variables. Triglycerides, remnant cholesterol and apoC-III parameters were log-transformed before analysis.
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 Baseline characteristics according to quintiles of lipoprotein associated apoC-III lev-

els are shown in supplemental tables I-III. Age was similar for all quintiles and there was a 
trend towards more females in the higher quintile groups. BMI, systolic and diastolic blood 
pressure, as well as anti-hypertensive and lipid-lowering drug use were higher in the highest 
quintiles. Subjects with high apoCIII-apoB, apoCIII-apoAI and apoCIII-Lp(a) tended to have 
unfavorable baseline characteristics and lipid profiles, including higher levels of apoC-III, 
BMI, systolic and diastolic blood pressure, large VLDL, triglycerides, LDL particle number, 
small dense LDL, apoB, hsCRP, LCAT and apoA-V concentrations, and lower levels of HDL-C 
and lipoprotein lipase levels.  

Lipoprotein associated ApoC-III levels and CAD risk. 

Figure 1A-C shows the odds ratios of CAD risk for quintiles of lipoprotein-associated 
apoC-III. ApoCIII-ApoAI was significantly associated with CAD risk in age and sex adjusted 
analysis (OR 1.42, 95% CI: 1.09-1.84, for highest compared to lowest quintile) but signifi-
cance was lost (OR 1.14, 95%CI: 0.86-1.52) after adjustment for CAD risk factors (BMI, cur-
rent smoking, diabetes mellitus, systolic blood pressure, lipid-lowering and anti-hyperten-
sive drug use (Figure 1A). Addition of plasma apoC-III to the model resulted in a loss of the 
association of apoCIII-apoAI in age and sex adjusted analysis (OR 1.17, 95% CI 0.89-1.54), 
supplemental table IV.

Similarly, apoCIII-apoB was associated with CAD risk in age and sex adjusted analysis 
when comparing highest to lowest quintile, but significance was lost after adjustments not-
ed above (OR 1.46, 95% CI 1.12-1.89 and OR 1.28, 95%CI 0.96-1.70 after adjustment for CAD 
risk factors) Figure 1B, supplemental table IV.

ApoCIII-Lp(a) was associated with CAD risk in age and sex adjusted analysis (OR 1.66, 
95% CI 1.29-2.15) as well as addition of both apoC-III and Lp(a) levels in age and sex adjusted 
analysis (OR 1.37, 95% CI 1.04-1.82). Furthermore, ApoCIII-Lp(a) remained significant after 
additional adjusting for CAD risk factors (OR 1.35, 95% CI 1.02-1.78), and also by sequen-
tially including Lp(a) (OR 1.35, 95% CI1.02-1.79), but not apoC-III Figure 1C, supplemental 
table S IV.

Total plasma apoC-III levels were associated with higher risk of CAD with an OR 1.91, 
95% CI 1.48-2.48 (age and sex adjusted) and OR 1.47, 95%CI 1.11-1.94 (adjusted for CAD 
risk factors) Figure 1D, as has been previously published.11 Similar results were found for 
lipoprotein-associated apoC-III and total apoC-III as continuous variables (data not shown).
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 Figure 1. Quintiles of lipoprotein-associated apoC-III and CAD risk
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Association of lipoprotein-associated apoC-III quintiles and coronary artery disease risk. Data are odds ratios and 
corresponding 95% confidence interval. Model 1 is matched for age and sex, the multi-variable model is adjusted 
for age, sex, BMI, current smoking, diabetes mellitus, use of blood-pressure lowering and lipid lowering drugs. 
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Total apoC-III in apoAI and apoB-100 pool and CAD risk.

Next, we calculated an index of the amount of apoC-III in the total apoA-I and apoB 
pool by multiplying average apoCIII-apoAI or apoCIII-apoB with total apoA-I and apoB lev-
els, respectively. ApoC-III content in apoA-I containing lipoproteins was not associated with 
CAD risk in age and sex adjusted analysis, OR 1.22, 95% CI 0.92-1.63, Figure 2A. In contrast, 
apoC-III content in apoB containing lipoproteins was significantly associated with CAD risk in 
age and sex (OR 1.81, 95% CI 1.38-2.38) and in multivariable adjusted analysis (OR 1.57, 95% 
CI 1.16-2.12) for highest compared to lowest quintile, Figure 2B. Addition of apoC-III levels 
did not essentially change the association (OR 1.44 95% CI 1.05-1.98), supplemental table V.  

Figure 2. Index of apoC-III in total apoA-I and apoB and CAD risk.
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ApoC-III in total apoA-I and apoB was calculated by multiplying average apoC-III per lipoprotein with total lipo-
protein concentration. Association of apoC-III in total apoA-I and apoB quintiles and coronary artery disease risk 
are shown in figure 3. Data are odds ratios and corresponding 95% confidence interval. Model 1 is matched for 
age and sex, the multi-variable model is adjusted for age, sex, BMI, current smoking, diabetes mellitus, use of 
blood-pressure lowering and lipid lowering drugs. 
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Correlations of lipoprotein-associated apoC-III levels and lipid metabolism related pa-
rameters. 

 Correlations of lipoprotein-associated apoC-III levels and lipid and non-lipid related 
parameters are shown in table 2. The strongest correlations were found for levels of triglyc-
erides, or remnant cholesterol, LDL-C, and apoB. There was a weak correlation with apoA-I 
levels and no correlation with Lp(a) levels. For NMR related parameters, all lipoprotein asso-
ciated apoC-III levels were correlated with total VLDL particles concentration and size, total 
LDL particles concentration and smaller particle size and total HDL particles concentration 
and smaller particle size. Overall the correlations were strikingly similar, and there was no 
large difference between apoA-I, apoB or apo(a) associated apoC-III. 

Table 2. Spearman correlation coefficients with lipid and non-lipid parameters.

apoCIII-ApoAI P-value apoCIII-apoB P-value apoCIII-Lp(a) P-value

Total plasma ApoC-III, mg/dL 0.34 <0.001 0.35 <0.001 0.41 <0.001

Triglycerides, mmol/L 0.45 <0.001 0.56 <0.001 0.52 <0.001

Remnant Cholesterol, mmol/L 0.43 <0.001 0.53 <0.001 0.48 <0.001

Total Cholesterol, mmol/L 0.30 <0.001 0.30 <0.001 0.32 <0.001

LDL-Cholesterol, mmol/L 0.19 <0.001 0.14 <0.001 0.18 <0.001

HDL-Cholesterol, mmol/L -0.06 0.001 -0.07 0.001 -0.05 0.02

Apolipoprotein A-I, mg/dL 0.07 <0.001 0.05 0.02 -0.01 0.73

Apolipoprotein B, mg/dL 0.35 <0.001 0.32 <0.001 0.31 <0.001

Lipoprotein(a), mg/dL 0.01 0.45 -0.03 0.06 0.01 0.71

VLDL particles (NMR), nmol/L 0.32 <0.001 0.37 <0.001 0.35 <0.001

VLDL size (NMR), nm 0.27 <0.001 0.36 <0.001 0.35 <0.001

LDL particles (NMR), nmol/L 0.41 <0.001 0.40 <0.001 0.32 <0.001

LDL size (NMR), nm -0.28 <0.001 -0.32 <0.001 -0.24 <0.001

HDL (NMR), nmol/L 0.33 <0.001 0.35 <0.001 0.34 <0.001

HDL size (NMR), nm -0.18 <0.001 -0.23 <0.001 -0.28 <0.001

BMI, kg/m2 0.14 <0.001 0.17     <0.001 0.18 <0.001

hsCRP, mg/L 0.09 <0.001 0.06 <0.01 0.08 <0.001
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Distribution of plasma total apoC-III levels and lipoprotein-associated apoC-III levels

 Finally, we show the distribution of lipoprotein-associated apoC-III levels per quin-
tiles of total plasma apoC-III (Figure 3).  All lipoprotein-associated apoC-III levels are signifi-
cantly associated with plasma apoC-III quintiles (p for trend <0.001). 

Figure 3. Levels of lipoprotein-associated apoC-III for quintiles of total plasma apoC-III.
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DISCUSSION
This study demonstrates two novel findings of apoC-III mediated CAD risk. First, the 

index of “total apoCIII-apoB”, reflecting the entire pool of apoC-III associated with all apoB-
100 particles, but not total apoCIII-apoAI, was a CAD risk predictor, independent of plasma 
apoC-III levels. Secondly, apoCIII-Lp(a) levels, which had no correlation with Lp(a), were as-
sociated with CAD risk independent of established risk factors and Lp(a) levels. 

Previous measurements of lipoprotein-associated apoC-III levels used mainly immu-
noaffinity chromatography techniques that are labor-intensive, which limits the sample size 
of study groups.15,25 Mendivil et al. reported a stronger association for apoC-III in total LDL or 
VLDL with CAD risk compared to plasma apoC-III alone, consistent with our findings.15 In the 
study by Jensen et al. no differences in total apoC-III on HDL were present between cases 
and controls,16 but average apoC-III per particle was not measured. A recent meta-analysis, 
largely driven by these two large studies, found similar results, but there was a large heter-
ogeneity in methodology and reported outcomes between studies.17

 One of the big differences between our ELISA based approach and the previously 
used techniques is the ability to quantify the average content of apoC-III particles within a 
specific lipoprotein, in contrast to the quantification of total apoC-III content within a spe-
cific lipoprotein fraction. ApoC-III is not evenly distributed among lipoproteins, for example 
40-60% of VLDL (up to 100 apoC-III proteins per lipoprotein) and 10-20% of LDL particles 
carries apoC-III. Specific pro-atherogenic properties have been attributed to apoC-III con-
taining lipoproteins in contrast to apoC-III negative particles. In the two aforementioned 
studies the largest apoC-III related CAD risk factor was the amount of apoC-III positive LDL/
VLDL/HDL particles.15,16 Our methodology provides the average apoC-III content but does 
not quantify the ratio of apoC-III containing versus apoC-III free lipoproteins, thus providing 
complementary information. 

 Our study further suggests a gap in our current understanding of the processes 
that regulate the distribution of apoC-III over lipoproteins. This is best appreciated from 
the apoCIII-Lp(a) measurement, in which the content of apoC-III on Lp(a) was not a func-
tion of the Lp(a) level, but a function of plasma apoC-III level. Thus, in people with higher 
total plasma apoCIII, apoCIII-Lp(a) is higher, while Lp(a) is similar, hence, apoC-III content 
on Lp(a) is a function of plasma apoC-III levels. This is in line with results from apoC-III low-
ering trials with volanesorsen, an antisense drug that targets APOC3 mRNA and results in 
robust reductions of apoC-III and TG in hypertriglyceridemic subjects.14 It is interesting to 
note that inhibition of apoC-III production results in reductions of lipoprotein-associated 
apoC-III levels that are virtually the same for all lipoproteins that were measured, e.g. 12 
weeks 300 mg volanesorsen treatment resulted in 81±14%, 82±12% and 81±16% reductions 
in apoCIII-apoAI, apoCIII-apoB and apoCIII-Lp(a), respectively. How this relates to a strict 
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separation in apoC-III containing lipoproteins which have increased atherogenic potential 
and lipoproteins without apoC-III requires further study.26

 We have recently reported for the first time that apoC-III is present on Lp(a).14 We 
now demonstrate that the measure of apoCIII-Lp(a) is not correlated with Lp(a) (r=0.01) and 
therefore it represents a different pathophysiological risk than plasma Lp(a). Interestingly, 
apoCIII-Lp(a) was the strongest CAD risk factor of the lipoprotein associated apoC-III pa-
rameters, even after adjustment for plasma apoC-III levels. One explanation for this finding 
could be that apoC-III on Lp(a) creates a more atherogenic particle. The Lp(a) pool can be 
subdivided in several populations with distinct physicochemical properties.27 A small frac-
tion is identified within the TRL pool but this fraction is larger in subjects with hypertriglyc-
eridemia and increases after a high fat meal.28,29 Interestingly, the apo(a)-TRL content is as-
sociated with increased TG content in macrophages and is higher in CAD patients, compared 
to matched controls, supporting the concept that apo(a) TRL might be a more atherogenic 
particle.29–31 Further research is required to unravel the role of apoC-III on Lp(a) and study 
whether it indeed creates a more atherogenic particle and is a contributor to TRL metabo-
lism.

 Our study has several limitations. Intrinsic to our methodology we did not directly 
measure total apoC-III content in a specific lipoprotein pool. We also did not measure the 
ratio of apoC-III positive and negative lipoproteins and cannot rule out that this discrimina-
tion might be an even stronger CAD risk factor. 

 In summary, we found that the index of total apoC-III-apoB is an independent pre-
dictor of apoC-III associated CAD risk. In addition, apoCIII-Lp(a) could be a new biomarker of 
CAD risk. 
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SUPPLEMENTAL MATERIALS.
Supplemental Table I. Baseline characteristics per apoCIII-apoAI quintile.

Q1 Q2 Q3 Q4 Q5 P for trend

ApoCIII-ApoAI, RLU 10^3 2.7 (2.1-3.2) 4.6 (4.1-5.0) 6.5 (6.0-7.0) 8.8 (8.1-9.6) 14.1 (12-18) <0.001

ApoCIII, mg/dl 3.9 (2.5-5.7) 4.5 (3.2-6.2) 4.9 (3.6-7.3) 5.5 (4.1-7.7) 6.3 (4.8-8.8) <0.001

Age, years 65 ±8.2 65.2 ±7.5 66.1 ±7.6 65.7 ±7.7 64.9 ±7.4 0.92

Sex, male 71.4% (387) 64.2% (348) 60.1% (326) 55.9% (303) 60.7% (329) <0.001

Body mass index, kg/m2 25.9 ±3.5 26.1 ±3.3 26.7 ±3.6 27 ±3.8 27.2 ±3.9 <0.001

Current smoking 11.4% (61) 12.7% (68) 9.9% (53) 9.7% (52) 9.2% (50) 0.08

Systolic blood pressure 138 ±18 140 ±19 141 ±18 141 ±18 142 ±19 <0.001

Diastolic blood pressure 83 ±11 84 ±11.6 84 ±11 85 ±11 85 ±11.7 <0.001

Diabetes Mellitus 3.5% (19) 2.6% (14) 4.1% (22) 3.7% (20) 2.8% (15) 0.88

lipid-lowering drugs 1.7% (9) 1.8% (10) 1.1% (6) 2.2% (12) 2.6% (14) 0.23

anti-hypertensive drugs 19.2% (104) 20.5% (111) 23.8% (129) 28.2% (153) 33.8% (183) <0.001

       

Total cholesterol, mmol/l 5.7 ±1 6.2 ±1 6.4 ±1.1 6.7 ±1.2 6.7 ±1.3 <0.001

LDL cholesterol, mmol/l 3.8 ±0.9 4 ±0.9 4.2 ±1 4.4 ±1.1 4.3 ±1 <0.001

HDL cholesterol, mmol/l 1.4 ±0.4 1.4 ±0.4 1.3 ±0.4 1.4 ±0.4 1.3 ±0.4 0.003

Remnant Cholesterol, 
mmol/L 0.6 (0.4-0.7) 0.7 (0.5-0.9) 0.8 (0.6-1.1) 0.9 (0.7-1.2) 1.0 (0.7-1.3) <0.001

Triglycerides, mmol/l 1.3 (1-1.7) 1.5 (1.1-2) 1.8 (1.3-2.4) 2.1 (1.6-2.9) 2.4 (1.7-3.3) <0.001

Apolipoprotein A-I, mg/dL 154.8 ±29.6 160.5 ±29.3 158.6 ±28.6 163.6 ±28.9 161.8 ±29.2 <0.001

Apolipoprotein B, mg/dL 114 ±26 124 ±26.6 132.6 ±29.6 141.7 ±32.3 144.3 ±34 <0.001

Lipoprotein(a), mg/dL 8.4 (6.3-15.4) 8.7 (6.7-17.9) 8.7 (6.6-16.1) 8.9 (6.6-15.5) 8.6 (6.4-16.4) 0.9

NMR data

Total VLDL particles, nmol/L 80.1 ±25.4 90.5 ±27.8 98 ±30.5 107 ±34.2 108.3 ±35.4 <0.001

Large VLDL/chylomicrons, 
nmol/L 3 ±2.7 3.7 ±3.1 5.1 ±3.7 6.4 ±4.1 7.4 ±4.7 <0.001

Medium VLDL, nmol/L 25.4 ±12.5 30.2 ±14.4 34.6 ±16 38.7 ±19 39.5 ±18.8 <0.001

Small VLDL, nmol/L 51.7 ±16.8 56.6 ±18.5 58.4 ±18.6 61.9 ±19 61.5 ±18.7 <0.001

VLDL size, nm 49.1 ±7.7 49.6 ±8.3 51.6 ±8.9 53.2 ±8.6 55.1 ±8.8 <0.001

IDL, nmol/L 29.7 ±26.4 38 ±34.1 47.4 ±40.9 58.7 ±51.5 66.7 ±50 <0.001

Total LDL particles, nmol/L 1365 ±325 1510 ±343 1650 ±432 1792 ±481 1867 ±495 <0.001

Large LDL, nmol/L 565 ±174 602 ±184 576 ±207 581 ±225 508 ±227 <0.001

Small LDL, nmol/L 771 ±333 870 ±372 1026 ±458 1152 ±532 1292 ±555 <0.001

total LDL size, nm 21.2 ±0.53 21.2 ±0.54 21 ±0.58 20.9 ±0.62 20.7 ±0.64 <0.001

Total HDL particles, nmol/L 31.4 ±5.2 33 ±5.7 33.5 ±5.4 34.9 ±5.4 36.2 ±5.8 <0.001

Large HDL, nmol/L 6 ±3.4 6.2 ±3.6 5.7 ±3.5 5.6 ±3.7 5.2 ±3.6 <0.001

Medium HDL, nmol/L 3.1 ±2.8 3.2 ±3 3.3 ±2.8 3.8 ±3.4 4 ±3.4 <0.001

Small HDL, nmol/L 22.3 ±4.6 23.6 ±4.8 24.4 ±4.9 25.5 ±4.8 27 ±5 <0.001
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HDL size, nm 9 ±0.5 9 ±0.5 8.9 ±0.5 8.8 ±0.5 8.8 ±0.4 <0.001

TRL metabolism

Lipoprotein lipase, ng/ml 67 (47-94) 67 (48-91) 62 (45-91) 66 (46-96) 60 (44-90) 0.01

Apolipoprotein A-V, ng/ml
167 (130-
206)

170 (140-
218)

174 (142-
227)

193 (153-
249) 199 (151-264) <0.001

HDL parameters

HDL Efflux 1.08 ±0.2 1.14 ±0.23 1.16 ±0.23 1.22 ±0.24 1.22 ±0.24 <0.001

CETP-concentration, mg/L 2.2 (1.7-3) 2.7 (2.1-3.5) 2.9 (2.2-3.8) 3.1 (2.4-4.1) 3.1 (2.5-4.2) <0.001

LCAT-concentration, mg/L 7.8 ±1.9 8.3 ±1.8 9 ±2.2 9.3 ±2.1 9.8 ±2.3 <0.001

Inflammatory markers

hsC-reactive protein, mg/L 1.4 (0.6-3.2) 1.5 (0.7-3.2) 1.7 (0.8-3.9) 2 (0.9-3.9) 1.8 (1-4.1) <0.001

White blood count, 10^3/ul 6.6 ±1.9 6.6 ±2.1 6.5 ±1.8 6.8 ±1.8 6.8 ±1.6 0.05

Monocytes, % of total 
blood volume 0.5 (0.3-0.7) 0.5 (0.3-0.7) 0.5 (0.3-0.7) 0.5 (0.3-0.7) 0.5 (0.3-0.7) 0.44

Continuous variables with a normal distribution are reported as mean ± standard deviation. Continuous variables 
with a non-normal distribution are reported as median (interquartile range). Dichotomous variables are reported 
as percentage of total cohort (number). Triglycerides, and lipoprotein(a), were log-transformed before analysis. 
ApoC-III/apoA-I range for each quintile was Q1 <3721, Q2: 3721-5453, Q3: 5453-7537, Q4: 7537-10617, Q5 
>10617 relative light units.
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Supplemental table II. Baseline characteristics per apoCIII-apoB quintile.

Q1 Q2 Q3 Q4 Q5 P for trend

ApoCIII-ApoB, RLU 10^3 3.7 (2.7-4.5) 6.9 (6.1-7.6) 10.3 (9.3-11.3) 15 (14-17) 26 (22-33) <0.001

ApoCIII, mg/dl 3.9 (2.7-5.6) 4.4 (3.2-5.9) 5 (3.7-7.1) 5.6 (4.1-7.5) 6.8 (4.7-9.8) <0.001

Age, years 65.2 ±7.9 65.7 ±7.5 65.8 ±7.6 65.3 ±7.9 65 ±7.6 0.32

Sex, male 68.6% (372) 62.5% (339) 61.6% (334) 61.3% (332) 58.3% (316) 0.001

Body mass index, kg/m2 25.6 ±3.3 26.2 ±3.6 26.7 ±3.5 27.3 ±3.8 27.3 ±3.9 <0.001

Current smoking 13.8% (74) 12.6% (68) 10.2% (54) 7.8% (42) 8.5% (46) <0.001

Systolic blood pressure, mm Hg 138 ±18 139 ±18 141 ±18 141 ±18 142 ±18 <0.001

Diastolic blood pressure, mm Hg 83 ±11.6 84 ±11.2 84 ±11.1 85 ±11.1 86 ±11.2 <0.001

Diabetes Mellitus 4.1% (22) 2.4% (13) 3.3% (18) 4.1% (22) 2.8% (15) 0.71

lipid-lowering drugs 1.3% (7) 0.6% (3) 2.6% (14) 2.2% (12) 2.8% (15) 0.01

anti-hypertensive drugs 19.7% (107) 19.4% (105) 27.1% (147) 29.7% (161) 29.5% (160) <0.001

  

Total cholesterol, mmol/l 5.8 ±1 6.2 ±1 6.4 ±1.1 6.6 ±1.2 6.8 ±1.3 <0.001

LDL cholesterol, mmol/l 3.8 ±0.9 4.1 ±0.9 4.2 ±1 4.2 ±1.1 4.2 ±1.1 <0.001

HDL cholesterol, mmol/l 1.4 ±0.4 1.4 ±0.4 1.3 ±0.4 1.3 ±0.4 1.3 ±0.4 0.004

Remnant Cholesterol, mmol/L 0.5 (0.4-0.7) 0.7 (0.5-0.8) 0.8 (0.6-1.1) 1 (0.7-1.2) 1.1 (0.8-1.4) <0.001

Triglycerides, mmol/l 1.2 (0.9-1.5) 1.5 (1.1-1.9) 1.8 (1.4-2.4) 2.1 (1.5-2.8) 2.6 (1.9-3.6) <0.001

Apolipoprotein A1, mg/dL 155.6 ±31 161.7 ±28.8 159.4 ±27.4 161.2 ±28.4 162.3 ±30.3 0.003

Apolipoprotein B, mg/dL 115.3 ±26.1 125.3 ±26.8 134.5 ±30 137.2 ±33.5 145 ±33.8 <0.001

Lipoprotein(a), mg/dL
8.6 (6.5-
17.5)

8.7 (6.9-
17.1) 8.8 (6.7-17.2) 9 (6.4-16.6)

8.1 (6.3-
13.6) 0.08

NMR data

Total VLDL particles, nmol/L 77.6 ±24.6 90.7 ±27.2 99.7 ±28.2 102.6 ±34.9 113.3 ±35.3 <0.001

Large VLDL/chylomicrons, 
nmol/L 2.3 ±2.3 3.6 ±2.9 5.1 ±3.2 6.3 ±3.9 8.3 ±4.7 <0.001

Medium VLDL, nmol/L 23.9 ±12.7 30.1 ±14 35.2 ±15.4 37.5 ±18 41.6 ±19.2 <0.001

Small VLDL, nmol/L 51.3 ±16.7 57 ±18 59.4 ±17 58.8 ±20 63.5 ±19.5 <0.001

VLDL size, nm 47.4 ±7.3 49.6 ±8 51.8 ±8.1 54 ±8.7 55.9 ±8.8 <0.001

IDL, nmol/L 27.8 ±25.6 37.8 ±36.2 49.4 ±40.3 55.2 ±46.2 70.4 ±52.7 <0.001

Total LDL particles, nmol/L 1368 ±305 1524 ±376 1669 ±445 1733 ±463 1888 ±500 <0.001

Large LDL, nmol/L 582 ±172 611 ±188 578 ±204 562 ±218 499 ±231 <0.001

Small LDL, nmol/L 758 ±318 876 ±398 1042 ±479 1116 ±498 1319 ±549 <0.001

LDL size, nm 21.3 ±0.52 21.2 ±0.53 21 ±0.58 20.9 ±0.61 20.7 ±0.64 <0.001

Total HDL particles, nmol/L 30.9 ±5.1 32.6 ±5.4 33.7 ±5.2 35 ±5.4 36.9 ±5.7 <0.001

Large HDL, nmol/L 6.1 ±3.2 6.4 ±3.6 5.5 ±3.4 5.5 ±3.7 5.2 ±3.7 <0.001

Medium HDL, nmol/L 2.7 ±2.4 2.9 ±2.8 3.4 ±3 3.9 ±3.3 4.6 ±3.5 <0.001

Small HDL, nmol/L 22.1 ±4.8 23.3 ±4.7 24.8 ±4.4 25.6 ±4.7 27.1 ±5.2 <0.001

HDL size, nm 9 ±0.5 9 ±0.5 8.8 ±0.5 8.8 ±0.5 8.7 ±0.4 <0.001
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TRL metabolism

Lipoprotein lipase, ng/ml 66 (49-94) 71 (51-93) 66 (45-99) 62 (44-88) 57 (40-86) <0.001

Apolipoprotein A-V, ng/ml
164 (129-
204)

170 (137-
213) 183 (143-229)

190 (151-
248)

203 (156-
270) <0.001

HDL parameters

HDL Efflux 1.1 ±0.21 1.15 ±0.23 1.18 ±0.24 1.19 ±0.23 1.2 ±0.24 <0.001

CETP-concentration, mg/L 2.5 (1.9-3.4) 2.9 (2.2-3.9) 2.8 (2.1-3.7) 2.9 (2.3-4) 2.8 (2.2-3.7) 0.04

LCAT-concentration, mg/L 7.6 ±1.8 8.5 ±2 9 ±1.9 9.4 ±2.2 10 ±2.3 <0.001

Inflammatory markers

hsC-reactive protein, mg/L 1.4 (0.7-3.6) 1.7 (0.7-3.4) 1.7 (0.8-3.6) 1.8 (0.9-3.9) 1.8 (1-3.8) 0.04

White blood count, 10^3/ul 6.7 ±2.1 6.5 ±2 6.8 ±1.7 6.5 ±1.8 6.7 ±1.7 0.81

Monocytes, % of total blood 
volume 0.5 (0.3-0.7) 0.5 (0.3-0.7) 0.5 (0.3-0.7) 0.5 (0.3-0.7) 0.5 (0.3-0.7) 0.16

Continuous variables with a normal distribution are reported as mean ± standard deviation. Continuous variables 
with a non-normal distribution are reported as median (interquartile range). Dichotomous variables are reported 
as percentage of total cohort (number). Triglycerides, and lipoprotein(a), were log-transformed before analy-
sis. ApoCIII-apoB range for each quintile was Q1 <5424, Q2:5424-8417, Q3: 8417-12434, Q4: 12434-18735, Q5 
>18735 relative light units. 
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Supplemental table III. Baseline characteristics per apoCIII-Lp(a) quintile. 

Q1 Q2 Q3 Q4 Q5 P for trend

ApoCIII-Lp(a), RLU 10^3 3.2 (2.4-3.9) 5.4 (4.9-5.9) 7.6 (7.1-8.2) 10.8 (9.8-12.0) 19.4 (16-24) <0.001

ApoCIII, mg/dl 3.8 (2.6-5.3) 4.5 (3.3-6) 4.9 (3.5-6.9) 5.5 (4.1-7.6)
7.2 (5.3-
10.1) <0.001

Age, years 65.4 ±7.7 65.4 ±8 65.5 ±7.5 65.7 ±7.3 65 ±8 0.69

Sex, male 67.3% (365) 62.2% (337) 59.2% (321) 63.7% (345) 60% (325) 0.04

Body mass index, kg/m2 25.8 ±3.5 25.9 ±3.3 26.8 ±3.7 26.9 ±3.6 27.5 ±3.9 <0.001

Current smoking 13.2% (71) 9.7% (52) 9.8% (53) 10.8% (58) 9.3% (50) 0.11

Systolic blood pressure, mm Hg 139 ±18 139 ±18 140 ±17 140 ±19 143 ±18 <0.001

Diastolic blood pressure, mm Hg 83 ±11.1 83 ±11.6 84 ±10.2 85 ±11.9 86 ±11.2 <0.001

Diabetes Mellitus 3.9% (21) 2.8% (15) 2.8% (15) 2.8% (15) 4.4% (24) 0.65

lipid-lowering drugs 1.1% (6) 2% (11) 1.3% (7) 1.7% (9) 3.3% (18) 0.03

anti-hypertensive drugs 19.2% (104) 19.9% (108) 26.8% (145) 27.1% (147) 32.5% (176) <0.001

  

Total cholesterol, mmol/l 5.8 ±1 6.2 ±1 6.4 ±1.1 6.5 ±1.1 6.9 ±1.4 <0.001

LDL cholesterol, mmol/l 3.8 ±0.9 4.1 ±0.9 4.1 ±1 4.2 ±1 4.4 ±1.1 <0.001

HDL cholesterol, mmol/l 1.4 ±0.4 1.4 ±0.4 1.4 ±0.4 1.3 ±0.4 1.3 ±0.4 0.06

Remnant Cholesterol, mmol/L 0.6 (0.4-0.7) 0.7 (0.5-0.9) 0.8 (0.6-1) 0.9 (0.6-1.2) 1.1 (0.9-1.4) <0.001

Triglycerides, mmol/l 1.3 (1-1.6) 1.5 (1.1-2) 1.7 (1.3-2.3) 2 (1.4-2.7) 2.6 (2-3.5) <0.001

Apolipoprotein A-I, mg/dL 157.6 ±31 161.6 ±28.6 163.5 ±28.6 158.6 ±29.6 158.3 ±28.2 0.67

Apolipoprotein B, mg/dL 118 ±29 127.8 ±27.5 130.9 ±31.7 135.1 ±29.8 147 ±34.3 <0.001

Lipoprotein(a), mg/dL
8.8 (6.6-
21.3)

8.6 (6.6-
16.3)

8.1 (6.3-
12.2) 8.6 (6.7-17.2) 9 (6.6-18.5) 0.82

NMR data

Total VLDL particles, nmol/L 79.9 ±27.5 92.5 ±28.9 94.9 ±30.5 102.4 ±30.4 114.5 ±35 <0.001

Large VLDL/chylomicrons, nmol/L 2.6 ±2.5 3.7 ±2.9 5 ±3.6 5.7 ±3.9 8.7 ±4.3 <0.001

Medium VLDL, nmol/L 25.6 ±13.8 31.5 ±15.8 32.4 ±16.2 36.5 ±16.4 42.4 ±18.5 <0.001

Small VLDL, nmol/L 51.7 ±17.6 57.3 ±18.2 57.5 ±18.2 60.1 ±18 63.4 ±19.5 <0.001

VLDL size, nm 48 ±7.5 49.7 ±8 51.7 ±8.6 52.6 ±8.6 56.8 ±8.4 <0.001

IDL, nmol/L 30.8 ±31.4 41.6 ±38.5 50.7 ±48.9 53.3 ±43 64.3 ±47.3 <0.001

Total LDL particles, nmol/L 1428 ±358 1565 ±385 1627 ±452 1700 ±470 1867 ±497 <0.001

Large LDL, nmol/L 566 ±177 598 ±191 592 ±205 563 ±223 513 ±226 <0.001

Small LDL, nmol/L 831 ±357 925 ±417 985 ±482 1084 ±521 1290 ±548 <0.001

LDL size, nm 21.2 ±0.51 21.1 ±0.56 21.1 ±0.59 21 ±0.64 20.7 ±0.64 <0.001

Total HDL particles, nmol/L 31.1 ±5.3 32.9 ±5.1 34.2 ±5.4 34.4 ±5.7 36.5 ±5.6 <0.001

Large HDL, nmol/L 6.3 ±3.4 6.4 ±3.5 6.1 ±3.5 5.5 ±3.8 4.4 ±3.2 <0.001
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Medium HDL, nmol/L 2.6 ±2.5 2.8 ±2.6 3.5 ±3 3.9 ±3.3 4.8 ±3.5 <0.001

Small HDL, nmol/L 22.2 ±4.8 23.7 ±4.5 24.6 ±4.9 25.1 ±4.8 27.4 ±4.9 <0.001

HDL size, nm 9 ±0.5 9 ±0.5 8.9 ±0.5 8.8 ±0.5 8.7 ±0.4 <0.001

TRL metabolism

Lipoprotein lipase, ng/ml 69 (51-96) 69 (51-96) 67 (48-93) 63 (44-90) 56 (39-81) <0.001

Apolipoprotein A-V, ng/ml
163 (127-
202)

163 (127-
202)

182 (146-
234) 184 (147-236)

209 (159-
272) <0.001

HDL parameters

HDL Efflux 1.11 ±0.21 1.11 ±0.21 1.18 ±0.25 1.17 ±0.24 1.19 ±0.23 <0.001

CETP-concentration, mg/L 2.8 (2-3.6) 2.8 (2-3.6) 2.9 (2.2-3.9) 2.8 (2-3.9) 2.7 (2-3.5) 0.2

LCAT-concentration, mg/L 7.9 ±1.9 7.9 ±1.9 9.1 ±2.3 9 ±2.1 9.4 ±2.1 <0.001

Inflammatory markers

C-reactive protein, mg/L 1.5 (0.7-3.2) 1.5 (0.7-3.2) 1.8 (0.8-3.8) 1.8 (0.9-4) 1.9 (1-4.4) <0.001

White blood count, 10^3/ul 6.7 ±2.1 6.7 ±2.1 6.7 ±1.9 6.6 ±1.8 6.8 ±1.7 0.53

Monocytes, % of total blood 
volume 0.5 (0.3-0.8) 0.5 (0.3-0.8) 0.5 (0.3-0.7) 0.5 (0.3-0.7) 0.4 (0.3-0.6) <0.001

Continuous variables with a normal distribution are reported as mean ± standard deviation. Continuous variables 
with a non-normal distribution are reported as median (interquartile range). Dichotomous variables are reported 
as percentage of total cohort (number). Triglycerides, and lipoprotein(a), were log-transformed before analysis. 
ApoCIII-Lp(a) range for each quintile was Q1 <4430, Q2: 4430-6456, Q3: 6456-9027, Q4: 9027-14094, Q5 >14094 
relative light units.
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Supplemental table IV. Odds ratios for CAD risk according to lipoprotein associated apoC-III

ApoCIII-ApoAI Q1 Q2 Q3 Q4 Q5

Model1 (age, sex) 1.00 1.20 (0.92-1.57) 1.27 (0.98-1.66) 1.27 (0.97-1.65) 1.42 (1.09-1.84)

Model1 + apoC-III 1.00 1.14 (0.87-1.59) 1.15 (0.88-1.50) 1.11 (0.85-1.46) 1.17 (0.89-1.54)

Model2 (CAD risk factors) 1.00 1.19 (0.90-1.58) 1.22 (0.92-1.62) 1.11 (0.83-1.47) 1.14 (0.86-1.52)

ApoCIII-ApoB Q1 Q2 Q3 Q4 Q5

Model1 (age, sex) 1.00 0.98 (0.75-1.28) 1.25 (0.96-1.62) 1.32 (1.01-1.71) 1.46 (1.12-1.89)

Model1 + apoC-III 1.00 0.94 (0.72-1.23) 1.13 (0.87-1.48) 1.18 (0.90-1.54) 1.23 (0.93-1.61)

Model2 (CAD risk factors) 1.00 1.02 (0.76-1.36) 1.16 (0.88-1.54) 1.17 (0.88-1.55) 1.28 (0.96-1.70)

ApoCIII-Lp(a) Q1 Q2 Q3 Q4 Q5

Model1 (age, sex) 1.00 0.97 (0.75-1.27) 1.04 (0.80-1.36) 1.26 (0.97-1.63) 1.66 (1.29-2.15)

Model1 + Lp(a) 1.00 0.99 (0.75-1.29) 1.07 (0.82-1.40) 1.25 (0.96-1.63) 1.66 (1.28-2.15)

Model1 + apoC-III 1.00 0.92 (0.80-1.21) 0.96 (0.73-1.25) 1.11 (0.85-1.46 1.37 (1.04-1.81)

Model1 + Lp(a) AND apoC-III 1.00 0.93 (0.71-1.22) 0.98 (0.75-1.29) 1.11 (0.84-1.45) 1.37 (1.04-1.82)

Model2 (CAD risk factors) 1.00 1.02 (0.76-1.35) 0.93 (0.70-1.24) 1.15 (0.87-1.52) 1.35 (1.02-1.78)

Model2 + Lp(a) 1.00 1.02 (0.76-1.37) 0.95 (0.71-1.28) 1.13 (0.85-1.50) 1.35 (1.02-1.79)

Model2 + apoC-III 1.00 0.98 (0.73-1.30) 0.89 (0.66-1.19) 1.07 (0.80-1.43) 1.21 (0.90-1.63)

Data represent Odds ratios ±95%CI, in a model (1) adjusted for age and sex, or model (2) (age, sex, BMI, current 
smoking, diabetes mellitus, systolic blood pressure, lipid-lowering and anti-hypertensive drug use) and the addi-
tional parameters indicated. Lowest quintile is used as the reference quintile. 
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Supplemental table V. Odds ratios for CAD risk according to index of total ‘apoCIII-apoAI’ and ‘total apoCIII-apoB’.

‘Total apoCIII-ApoAI’ Q1 Q2 Q3 Q4 Q5

Model1 (age, sex) 1.00 1.30 (0.98-1.73) 1.04 (0.78-1.39) 1.19 (0.89-1.59) 1.22 (0.92-1.63)

Model1 + apoC-III 1.00 1.22 (0.91-1.62) 0.92 (0.69-1.24) 1.03 (0.77-1.39) 1.01 (0.75-1.36)

Model2 (CAD risk factors) 1.00 1.31 (0.97-1.78) 0.99 (0.72-1.36) 1.08 (0.79-1.48) 1.04 (0.76-1.42)

Model2 + apoC-III 1.00 1.25-0.92-1.70) 0.92 (0.67-1.26) 0.99 (0.72-1.36) 0.92 (0.66-1.27)

‘Total apoCIII-ApoB’ Q1 Q2 Q3 Q4 Q5

Model1 (age, sex) 1.00 1.17 (0.88-1.55) 1.31 (0.99-1.73) 1.30 (0.98-1.72) 1.81 (1.38-2.38)

Model1 + apoC-III 1.00 1.12 (0.84-1.49) 1.21 (0.91-1.61) 1.18 (0.88-1.57) 1.55 (1.16-2.07)

Model2 (CAD risk factors) 1.00 1.24 (0.91-1.68) 1.20 (0.89-1.63) 1.17 (0.86-1.59) 1.57 (1.16-2.12)

Model2 + apoC-III 1.00 1.21 (0.89-1.64) 1.15 (0.85-1.57) 1.11 (0.82-1.52) 1.44 (1.05-1.98)

Data represent Odds ratios ±95%CI, in a model (1) adjusted for age and sex, or model (2) (age, sex, BMI, current 
smoking, diabetes mellitus, systolic blood pressure, lipid-lowering and anti-hypertensive drug use) and the addi-
tional parameters indicated. Lowest quintile is used as the reference quintile. 
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