UC San Diego
UC San Diego Previously Published Works

Title

Relationship of lipoprotein-associated apolipoprotein C-lll with lipid variables and coronary
artery disease risk: The EPIC-Norfolk prospective population study

Permalink

https://escholarship.org/uc/item/9j1354rj

Journal
Journal of Clinical Lipidology, 12(6)

ISSN
1933-2874

Authors

van Capelleveen, Julian C
Lee, Sang-Rok
Verbeek, Rutger

Publication Date
2018-11-01

DOI
10.1016/j.jacl.2018.08.010

Peer reviewed

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/9j1354rj
https://escholarship.org/uc/item/9j1354rj#author
https://escholarship.org
http://www.cdlib.org/

s1dLIOSNUBIA JoyINy sispund DN 8doin3 ¢

s1dLosnuUep JoyIny sispund DN adoin3 ¢

Europe PMC Funders Group
Author Manuscript
J Clin Lipidol. Author manuscript; available in PMC 2020 January 20.

Published in final edited form as:
J Clin Lipidol. 2018 November 01; 12(6): 1493-1501.e11. doi:10.1016/j.jacl.2018.08.010.

Relationship of lipoprotein-associated apolipoprotein C-1ll to
lipid variables and coronary artery disease risk: The EPIC-
Norfolk Prospective Population Study

Julian C. van Capelleveen®!, Sang-Rok Lee*2:3, Rutger Verbeek?!, John J.P. Kastelein?,
Nicholas J. Wareham?, Erik S.G. Stroes?!, G. Kees Hovingh?, Kay-Tee Khaw?®, S. Matthijs
Boekholdt®, Joseph L. Witztum?, Sotirios Tsimikas?

1Department of Vascular Medicine, Academic Medical Center, Amsterdam, the Netherlands
2Vascular Medicine Program, Sulpizio Cardiovascular Center, Division of Cardiology, Department
of Medicine, University of California San Diego, La Jolla, California, USA 3Division of Cardiology,
Chonbuk National University Hospital and Chonbuk School of Medicine, Jeonju, Korea “Medical
Research Council Epidemiology Unit, Cambridge, United Kingdom >Department of Public Health
and Primary Care, University of Cambridge, Cambridge, United Kingdom éDepartment of
Cardiology, Academic Medical Center, Amsterdam, the Netherlands "Department of Medicine,
Division of Endocrinology and Metabolism, University of California San Diego, La Jolla, California,
USA

# These authors contributed equally to this work.

Abstract

Background—~Plasma apolipoprotein C-111 (apoC-I11) levels are associated with coronary artery
disease (CAD) risk.

Objective—To assess whether lipoprotein-associated apoC-111 levels predict risk of CAD events.

Methods—ApoC-I11 associated with apoB, apoAl, and Lp(a) (apoClll-apoB, apoClll-apoAl and
apoClIl-Lp(a), respectively) were measured using high-throughput chemiluminescent enzyme-
linked immunoassays (ELISA) in 2711 subjects (1879 controls and 832 cases with CAD) in the
EPIC-Norfolk prospective population study with 7.4 years of follow-up. These measures were
correlated with a variety of lipid measurements and the presence of CAD. The indices of “total
apoClll-apoB” and ‘total apoClll-apoAl” were derived by multiplying plasma apoB and apoAl,
respectively.
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Results—ApoClll-apoB (p=0.001), apoCllI-Lp(a) (p<0.001), apoCllI-apoAl (p=0.005) were
higher in cases vs controls, tended to correlate positively with BMI, hsCRP, apoCllIl, LDL-C,
triglycerides, remnant cholesterol, VLDL, LDL and HDL particle number and VLDL size, but
negatively with LDL and HDL particle size (p<0.001 for all). ApoClIlI-ApoB, apoClll-apoAl,
apoClll-Lp(a), total apoCllI-Lp(a) and total apoClll-apoB were predictors of CAD after
adjustment of age, sex, BMI, smoking, diabetes, hypertensive and lipid lowering drug use, but they
lost their significance following further adjustment of lipid and lipoprotein variables. In contrast,
apoClIl remained a significant risk predictor with multivariable adjustment.

Conclusions—This study suggests that ELISA-measured lipoprotein-associated apoCll|
markers reflect atherogenic lipid particles but, as opposed to total plasma apoClIl, do not
independently predict risk of CAD events.

Keywords
apoC-IlI; triglycerides; coronary artery disease; myocardial infarction; risk prediction

Introduction

Low density lipoprotein cholesterol (LDL-C) lowering agents, such as statins, ezetimibe and
PCSK9 inhibitors have reduced the incidence of coronary artery disease (CAD).1 However,
these successful treatment strategies provide modest absolute risk reductions, even when
LDL-C as low as 30 mg/dL is achieved, and as a consequence, significant residual risk of
CAD events remains. This residual risk has driven the search for novel and causal
therapeutic targets. Genetic studies have shifted the attention from high density lipoprotein
cholesterol (HDL-C) to triglyceride-rich lipoproteins (TRLS) as causal risk factors in CAD
development.23

Apolipoprotein C-111 (apoC-111) is circulating apolipoprotein that plays a key role as
regulator of TRL metabolism and has therefore been considered a target for therapy. apoC-
I11 inhibits the activation of lipoprotein lipase (LPL) by apolipoprotein C-11 (apoC-II),
thereby inhibiting triglyceride (TG) hydrolysis.# It also inhibits TRL uptake by the liver, in
an LPL-independent fashion®, mediated by the LDL receptor and LRP1.% A causal
relationship between apoC-111 and CAD risk has been demonstrated by genetic studies that
show a lower CAD risk for individuals with APOC3 loss-of function mutations.’-9
Furthermore, apoC-I11 plasma levels in prospective population studies are predictive of CAD
risk.10-12 These observations have driven the development of apoC-I11 lowering drugs,
which have been shown to successfully lower apoC-111, TG and TRL particle levels in
subjects with hypertriglyceridaemia.>13-15

One of the unresolved issues regarding apoC-I11 metabolism is the distribution of apoC-I11
among circulating lipoproteins and their respective predictive risk compared with apoC-III.
Several studies have identified specific subgroups of subjects at increased CAD risk based
on the number of apoC-I11 containing LDL or HDL particles,6:17 but their association with
CAD risk has been inconsistent.18 One of the explanations for this inconsistency lies in the
complicated methods that are required for these assays. To measure apoC-111 content in
specific lipoprotein fractions, immunoaffinity chromatography has previously been used, but
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it is limited in its application in large sample sizes. As a complimentary method, we have
recently developed quantitative high-throughput sandwich chemiluminescent enzyme-linked
immunoassays (ELISAs) to detect apoC-I11 on individual lipoproteins in plasma.14

Here we report findings of apoC-I11 content on apolipoprotein B-100 (apoClll-apoB),
apolipoprotein A-1 (apoClll-apoAl), and lipoprotein(a) (apoCllI-Lp(a)) containing
lipoproteins in plasma samples from a large nested case control study in the European
Prospective Investigation into Cancer and Nutrition (EPIC-) Norfolk prospective population
study. We further derive indices of “total apoClll-apoB” and “total apoCllI-apoAl” by
multiplying these measures with plasma apoB and apoA-I. The aim of this study was to
assess the association of lipoprotein-associated apoC-111 levels with CAD risk in a
prospective manner with long-term follow-up.

Study design

A nested case-control study was performed in the EPIC-Norfolk cohort study, a prospective
population study comprising 25,663 men and women aged 45-79 years living in Norfolk,
United Kingdom.19 In short, participants were recruited from general practitioner registries
and visited a clinic for nonfasting 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 National
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 numbers
through linkage with the East Norfolk Health Authority database. Hospital records and death
certificates were coded by trained nosologists according to the International Classification of
Diseases (ICD) 9th revision.

Participants were identified as having CAD during follow-up if they had a hospital
admission and/or died with CAD as the underlying cause, coded as ICD 410-414. These
codes encompass the clinical spectrum of CAD, that is, 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 baseline
clinic visit, as previously described. Cases were people who developed CAD during follow-
up through 2003.20 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).

In a recent report,12 we described the relationship of apoC-111 levels and incident CAD risk
in this same cohort from the EPIC-Norfolk Prospective Population Study. The current
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analysis is focused on lipoprotein-associated apoC-111 levels and their relationship with total
apoC-I11 as predictive variables.

Laboratory measurements

Nonfasting blood samples were taken at baseline and serum levels of total cholesterol, HDL-
C and triglycerides were measured on fresh samples with the RA 1000 autoanalyzer (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-Cminus HDL-C, as previously described.?! Lipoprotein subclass
particle numbers and size were measured with an automated nuclear magnetic resonance
spectroscopic assay as described previously.12 22

Determination of total apoC-Ill and lipoprotein-associated apoC-Ill complex levels: apoClll-
apoB, apoClll-Lp(a), and apoClll-apoAl

apoC-I11 plasma levels were measured at the University of California San Diego, using an
in-house chemiluminescent ELISA as previously reported.12

Sensitive and quantitative sandwich-based chemiluminescent ELISA was used to measure
apoC-I11 associated with plasma lipoproteins containing apoB-100 (apoClll-apoB), Lp(a)
(apoClll-Lp(a)), and apoA-1 (apoClII-apoAl) as previously described in detail.14 Microtiter
96-well plates were coated overnight at 4°C with antibodies: MB47 to bind apoB-100
(MB47 does not detect apoB-48); LPA4 to bind Lp(a); and sheep anti-human apoA-I (The
Binding Site, Birmingham, UK) (all at 5 g/mL antigen of 40 L/well). For apoCllI-apoB) and
apoA-1 (apoClll-apoAl) conditions were established to ensure that the amount of plasma
added was sufficient to provide a saturating and equal amount of apoB and apoAl,
respectively (Supplmental Fig. 1). For this reason, the index of “total” apoClll-apoB and
apoClll-apoAl could be determined by multiplying apoClil-apoB and apoClll-apoAl by
apoB and apoAl plasma levels, respectively. For the apoCllI-Lp(a) assay, because some
patients 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 concentration is >~30 mg/dL.
Therefore, an index of “total apoClII-Lp(a)” cannot be determined with this assay. The
results are reported as relative light units in 100 milliseconds after the background (TBS/
BSA) relative light unit was subtracted. High and low values were added to each 96-well
plate as internal controls.

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
categorical variables. Baseline characteristics were calculated by lipoprotein associated
apoC-I11 quintiles, and then compared using a linear regression model, including lipoprotein
associated apoC-111 quintiles to test for trend. Owing to a skewed distribution, apoC-IlI,
triglycerides, remnant cholesterol, hsCRP, LPL, Lp(a), and apoA-V levels were
logarithmically transformed before statistical analysis. For correlation between apoC-111 and
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other parameters, Spearman correlation coefficients are reported with corresponding ~-
value.

Mainly due to unavailability of plasma samples, not all study participants could be included
for the present 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, incorporating age
and sex in the regression model. This model was used to calculate odds ratios (ORs) and
corresponding 95% confidence intervals (95% Cls) for CAD risk for each apoC-I1l1 quintile,
using the lowest quintile as reference. ORs were calculated for model 1 adjusted for age and
sex; model 2 plus body mass index (BMI), smoking, diabetes, systolic blood pressure and
hypertensive and lipid lowering drug use; model 3 plus LDL-C, TG, and HDL-C; model 4
plus apoAl, apoB, Lp(a); and model 5 plus apoC-I11. All statistical analyses were performed
using IBM SPSS software, version 22. A P-value < .05 was considered statistically
significant.

Baseline characteristics

Baseline plasma samples for lipoprotein-associated apoC-111 measurements were available
for a total of 2711 subjects, of whom 832 were incident CAD cases and 1879 were CAD
event-free controls. Baseline characteristics for cases and controls are shown in Table 1. Age
and sex were similar in both groups. Cases were characterized by a higher prevalence of
smoking, diabetes, lipid-lowering and antihypertensive drug use, and higher BMI and
systolic and diastolic blood pressure levels. Cases had a less favorable lipid profile: higher
total cholesterol, LDL-C, triglycerides, apoB and Lp(a) levels and lower HDL-C and apoA-I
levels.

Baseline characteristics according to quintiles of apoClll-apoAl, apoClII-B, apoCllI-Lp(a),
total apoClll-apoAl and total apoClll-apoB are shown in Supplemental tables 1-5. Age was
similar for all quintiles and there was a trend toward more females in the higher quintile
groups. BMI, systolic and diastolic blood pressure, as well as antihypertensive and lipid-
lowering drug use were higher in the highest quintiles. Subjects with high apoClll-apoB,
apoClIl-apoAl and apoClII-Lp(a) tended to have unfavorable baseline characteristics and
lipid profiles, including higher levels of apoC-111, BMI, systolic and diastolic blood pressure,
large very low density lipoprotein (VLDL), triglycerides, LDL particle number, small dense
LDL, apoB, hsCRP, LCAT and apoA-V concentrations, and lower levels of HDL-C and LPL
levels.

Lipoprotein-associated apoC-lll levels and CAD risk

Figure 1A-C shows the ORs of CAD risk for quintiles of lipoprotein-associated apoC-Il1.
apoClIl-apoAl was significantly associated with CAD risk in age and sex adjusted analysis
(OR 1.42, 95% CI: 1.09-1.84, for highest compared with lowest quintile) but significance
was lost (OR 1.14, 95%CIl: 0.86-1.52) after adjustment for CAD risk factors (BMI, current

J Clin Lipidol. Author manuscript; available in PMC 2020 January 20.
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smoking, diabetes mellitus, systolic blood pressure, lipid-lowering and antihypertensive drug
use (Fig. 1A). Additional adjustments did not substantially change the association (Table 2).

Similarly, apoClIl-apoB was associated with CAD risk in age- and sex-adjusted analysis
when comparing highest with lowest quintile (OR 1.46, 95% CI 1.12-1.89), but significance
was lost after adjustments for CAD risk factors (OR 1.28, 95%CI 0.96-1.70) (Fig. 1B and
Table 2).

apoClII-Lp(a) was associated with CAD risk in age- and sex- adjusted analysis (OR 1.66,
95% CI 1.29-2.15). apoClll-Lp(a) remained significant after additional adjusting for CAD
risk factors (OR 1.35, 95% CI 1.02-1.78), but this significance was lost after adding lipid
variables and apoC-Ill (Fig. 1C and Table 2).

Similar results were found for lipoprotein-associated apoC-I11 and total apoC-I111 as
continuous variables (data not shown).

Total apoC-lll in apoAl and apoB-100 pools and CAD risk

Next, we calculated an index of the amount of apoC-Il1 in the total apoA-1 and apoB pool by
multiplying average apoCllI-apoAl or apoClll-apoB with total apoA-I and apoB levels,
respectively. apoC-I11 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, Fig. 2A). By
contrast, apoC-I1l 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 model 2 (OR 1.57 95% ClI
1.16-2.12) for highest compared with lowest quintile, Figure 2B. However, with further
adjustment for LDL-C, TG, and Lp(a), as well as apoC-IIl, significance was no longer
present (Table 2).

Correlations of lipoprotein-associated apoC-Ill levels and lipid metabolism related

parameters

Spearman correlations of lipoprotein-associated apoC-I11 levels and lipid and nonlipid-
related parameters are shown in Table 3. The strongest correlations were found for levels of
triglycerides, remnant cholesterol, LDL-C, and apoB. There was a weak correlation with
apoA-I levels and no correlation with Lp(a) levels. For nuclear magnetic resonance-related
parameters, all lipoprotein associated apoC-I11 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 apoClll-apoAl, apoCllil-apoB
or apoClll-apo(a)-associated apoC-IlIl.

Distribution of plasma total apoC-lll levels and lipoprotein-associated apoC-lll levels

Finally, we show the distribution of lipoprotein-associated apoC-I11 levels per quintiles of
total plasma apoC-111 (Fig. 3). The baseline values are higher for apoClll-apoB and the
relative amount of all lipoprotein-associated apoC-I11 levels are significantly associated with
increasing plasma apoC-I11 quintiles (P for trend <.001).

J Clin Lipidol. Author manuscript; available in PMC 2020 January 20.
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Discussion

This study demonstrates that lipoprotein-associated apoC-111 levels, measured by
immunoassays, predict risk of CAD in age- and sex- adjusted analyses, as well as in
multivariable analyses additionally adjusting for plus BMI, smoking, diabetes, systolic blood
pressure, and hypertensive and lipid-lowering drug use. However, these associations become
nonsignificant with further adjustment of lipid variables. These data suggest that
measurement of apoC-111 on individual lipoproteins using ELISA techniques does not
provide additional predictive information in fully adjusted multivariable models including
HDL-C, LDL-C, and triglycerides.

Previous measurements of lipoprotein-associated apoC-I11 levels used immunoaffinity
chromatography techniques that are labor-intensive, which limits the sample size of study
groups.18 A significant association has been reported for LDL or VLDL fractions containing
apoC-I11 with CHD risk after multivariable analyses compared with LDL or VLDL without
apoC-111 or total plasma apoC-I11 levels.18 In the same cohort HDL fractions containing
were associated with CHD, but this was borderline significant (= .05) with multivariable
analysis including triglyceride levels.}” In addition, total apoC-111 was not associated with
CHD after multivariable analysis. In a more recent analysis that is consistent with our data
using an apoClll-apoAl ELISA similar to the one we first described,4 no association in a
quintile analysis was present with CHD in both the MESA and Danish diet, Cancer and
Heart Study, although significance was noted in the Danish Diet, Cancer and Heart Study by
analysis per standard deviation.23 In the same study in 4 cohorts combined in a total of 2997
incident cases, the hazard ratio for HDL fractions containing apoC-I11 was 1.09 (1.01-1.18)
when adjusting for age, sex, prevalent diabetes mellitus, treatment with antihypertensive
medication, race/ethnicity in MESA, systolic blood pressure, smoking, and total cholesterol.
However, when LDL-C and triglycerides were added, it was no longer significant (hazard
ratio 1.05 [0.96-1.14]). Overall, this suggests that various lipoprotein fractions containing
apoC-Il11, either by ELISA or by immunoaffinity chromatography techniques, have modest
to no predictive value when full adjustment of data is performed. Total apoC-IIl is
predictive,1® but also loses it predictive value after adjustment. As we have recently shown
in a mediation analysis in the EPIC-Norfolk study, it appears that the risk of apoC-1l1 can be
explained by TRLs, small dense LDL and inflammatory mediators.12Because these
lipoproteins have modest correlations with each other, independent associations are difficult
to document statistically.

To unravel the potentially adverse impact of apoC-I11 on particular lipoproteins we
developed a technique enabling us to quantify the average content of apoC-Il1 particles
within a specific, total lipoprotein fraction, in contrast to the quantification of total apoC-I11
content within a specific lipoprotein fraction. apoC-I11 is not evenly distributed among
lipoproteins, for example, 40%-60% of VLDL (up to 100 apoC-IlI proteins per lipoprotein)
and 10%-20% of LDL particles and up to 15% of HDL particles carry apoC-111.23 This
reflected in our study with higher relative readings for apoClil-apoB relative to the other
lipoprotein-associated measures. Our study shows that measurement of average apoC-I1I
content in individual lipoprotein fractions does not provide more predictive information
compared with total plasma apoC-11l measurement.

J Clin Lipidol. Author manuscript; available in PMC 2020 January 20.
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Interestingly, the present study does uncover a gap in our current understanding of the
processes regulating the distribution of apoC-I111 on lipoproteins. This is best appreciated
from the apoClII-Lp(a) measurement, in which the content of apoC-I11 on Lp(a) was not a
function of the Lp(a) level, but a function of plasma apoC-Il1 level. Thus, in people with
higher total plasma apoC-I1l, apoCllI-Lp(a) is higher, while Lp(a) is similar, hence, apoC-liI
content on Lp(a) appears to be controlled by plasma apoC-I11 levels, and not by plasma
Lp(a) levels. Results from apoC-I11 lowering trials with volanesorsen, an antisense drug that
targets APOC3 mRNA, resulted in robust reductions of total plasma apoC-Ill and
lipoprotein-associated apo-Cll1 on apoB, apoAl and Lp(a) in hypertriglyceridemic subjects.
141t is interesting to note that inhibition of apoC-I11 production results in reductions of
lipoprotein-associated apoC-I11 levels that are virtually the same for all lipoproteins that
were measured, for example, 12 weeks 300 mg volanesorsen treatment resulted in 81+14%,
82+12% and 81+16% reductions in apoClll-apoAl, apoClll-apoB, and apoCllI-Lp(a),
respectively. How this relates to a strict separation in apoC-111 containing lipoproteins, which
have increased atherogenic potential and lipoproteins without apoC-111, requires further
study.23

Our study has several limitations. Intrinsic to our methodology we did not directly measure
total apoC-I1I content in a specific lipoprotein pool. We also did not measure the ratio of
apoC-IlI-positive and -negative lipoproteins and cannot rule out that this discrimination
might be an even stronger CAD risk factor.

In summary, these data suggest that measurement of apoC-I11 on individual lipoproteins may
not provide additional predictive data in patients in the primary care setting. Further study is
required to assess if these biomarkers predict future risk in individuals with established
CvVvD.
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Highlights

. High-throughput ELISAs were developed to measure lipoprotein-associated
apoCllIl levels

. ApoClll-apoB, apoCllI-Lp(a) and apoClll-apoAl were measured in EPIC-
Norfolk

. ApoClll-apoB, apoCllI-Lp(a) and apoClll-apoAl reflect atherogenic lipid
particles

. As opposed to total apoCllIl, they do not independently predict risk of CAD
events

. Their role in patients with prior history of CAD needs to be evaluated
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Data are odds ratios and corresponding 95% confidence intervals. (A) apoClll-apoAl
quintiles, (B) apoClll-apoB quintiles, (C) apoCllI-Lp(a) quintiles. Model 1 is matched for
age and sex, the multivariable model is adjusted for age, sex, BMI, current smoking,
diabetes mellitus, and use of blood pressure—lowering and lipid-lowering drugs. apoC-Ill,
apolipoprotein C-111; apoCllI-apoAl, apoC-I11 content on apolipoprotein A-1 containing
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lipoproteins; apoClIl-apoB, apoC-111 content on apolipoprotein B-100 containing
lipoproteins; apoCllI-Lp(a), apoC-111 content on apolipoprotein(a).
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Figure 2.

ApoC-I11 in total apoA-I and apoB and CAD risk. apoC-Ill in total apoAl and apoB and
coronary artery disease risk. apoC-l1l1 in total apoAl and apoB was calculated by multiplying
average apoC-I11 per lipoprotein with total lipoprotein concentration. Association of apoC-
I11 in total apoAl and apoB quintiles and coronary artery disease risk are shown in Figure 3.
Data are odds ratios and corresponding 95% confidence intervals. Model 1 is matched for

age and sex, the multivariable model is adjusted for age, sex,

BMI, current smoking,

diabetes mellitus, and use of blood pressure—lowering and lipid-lowering drugs. apoC-Iil,

apolipoprotein C-111.
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Lipoprotein-associated apoC-lll in relation to
apoC-lll plasma levels
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Figure 3.

Levels of lipoprotein-associated apoC-I11 for quintiles of total plasma apoC-I1Il. Figure
shows median apoClIl-apoAl, apoClll-apoB, and apoClII-Lp(a) levels for quintiles of
plasma total apoC-I11. apoC-Il1, apolipoprotein C-111; apoClll-apoAl, apoC-111 content on
apolipoprotein A-I containing lipoproteins; apoClll-apoB, apoC-I11 content on
apolipoprotein B-100 containing lipoproteins; apoClII-Lp(a), apoC-I11l content on
apolipoprotein(a).
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