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Context: The metabolism of high-density lipoprotein (HDL) is severely impaired in individuals with
abdominal obesity. However, the specific metabolism of apolipoprotein (apo)-A-II, the second
major apolipoprotein of HDL, remains poorly known. The relationships between HDL apoA-II
catabolism and other metabolic variables that may be modified in abdominal obesity, such as very
low-density lipoprotein (VLDL) subspecies (VLDL1, VLDL2) kinetics, remain to be investigated.

Objectives: Our aim was to study the associations between apoA-II fractional catabolic rate (FCR)
and the kinetics of VLDL subspecies and apoA-I.

Design: We carried out a multicenter in vivo kinetic study using stable isotopes (deuterated leucine
and glycerol) in 62 individuals with abdominal obesity.

Results: In a univariate analysis, apoA-II FCR was positively correlated with body mass index, sc fat,
liver fat, apoA-I FCR, apoA-I production rate (PR), apoA-II pool, apoA-II PR, VLDL1-triglyceride PR,
VLDL2-triglyceride PR, VLDL2-triglyceride (TG) FCR, and VLDL2-apoB FCR and negatively with HDL
cholesterol to apoA-I ratio. After adjustment for apoA-I FCR, a strong positive correlation between
apoA-II FCR and VLDL1-TG indirect FCR was observed (r � 0.520, P � .0001). In a multivariate
analysis, apoA-II FCR was independently and positively associated with apoA-I FCR (P � .0001) and
VLDL1-TG indirect FCR (P � .0001). Both variables explained 59.7% of the variability in apoA-II FCR.

Conclusions: We show that, in abdominally obese individuals, apoA-II FCR is positively and inde-
pendently associated with both apoA-I FCR and VLDL1-TG indirect FCR. These data suggest that, in
a condition of delayed VLDL1 catabolism, such as abdominal obesity, retention of apoA-II in the
VLDL1 pool may occur, with an effect on apoA-II catabolism. The consequences of this link between
VLDL1 catabolism and apoA-II catabolism remain to be determined. (J Clin Endocrinol Metab 101:
1398–1406, 2016)

Abdominal obesity is part of the metabolic syndrome
and is strongly associated with insulin resistance,

dyslipidemia, and increased cardiovascular risk (1–4).
Low high-density lipoprotein (HDL) cholesterol is a main
feature of the dyslipidemia associated with abdominal
obesity (5) that has been shown to be a main risk factor for
cardiovascular disease in the metabolic syndrome (3, 6). In
vivo kinetic studies performed in abdominally obese in-

dividuals have shown that low plasma concentration of
HDL cholesterol is the consequence of increased HDL
catabolism (7–9). We have recently shown, in individuals
with the metabolic syndrome, a tight association between
the catabolism of apolipoprotein (apo)A-I the major apo-
lipoprotein of HDL particles and the metabolism of very
low-density lipoprotein (VLDL)1 subspecies, in an in vivo
kinetic study demonstrating that apoA-I fractional cata-
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bolic rate (FCR) is independently associated with both
catabolism and the production of VLDL1-triglyceride
(TG) (10).

Although the information on the metabolism of
apoA-II in the metabolic syndrome is increasing, there is
little information on the metabolism of apoA-II, the sec-
ond major apolipoprotein of HDL. ApoA-II in humans is
a homodimer consisting of two identical polypeptide
chains of 77 amino acid residues covalently linked by a
single disulfide bond. ApoA-II has different physicochem-
ical characteristics as compared with apoA-I. ApoA-II is
more hydrophobic than apoA-I and the increase in
apoA-II concentration displaces apoA-I in vitro from the
surface of HDL (11). In apoA-II, the apolar lipid-binding
face comprises 50% of the �-helical surface, as compared
with 30% in apoA-I (12). As a consequence, apoA-II in-
serts more deeply into the lipoprotein surface phospho-
lipids. The exact role of apoA-II and its relationship with
atherosclerosis (proatherogenic or antiatherogenic) re-
mains unclear (13). However, some animal studies suggest
a link between apoA-II and TGs. Indeed, overexpression
of murine or human apoA-II in mice is associated with
increased plasma TG levels (14, 15).

Reduced apoA-II FCR has been reported in men with
the metabolic syndrome as compared with lean controls
(16). However, the links between apoA-II metabolism and
the metabolism of apoA-I and of VLDL subspecies,
VLDL1 and VLDL2, remain unknown. In abdominal obe-
sity, the separate evaluation of VLDL1 and VLDL2 me-
tabolism is important because this condition of insulin
resistance is accompanied by major abnormalities of
VLDL1 kinetics (17).

Because data from animal studies suggest a potential
link between apoA-II and TGs and because apoA-II me-
tabolism remains poorly known in the metabolic syn-
drome, a clinical situation comprising abnormalities of
triglyceride-rich lipoproteins, we investigated in a rela-
tively large multicenter tracer study the relationships be-
tween apoA-II catabolism and the kinetics of VLDL sub-
species and apoA-I in abdominally obese individuals with
the typical lipid abnormalities of the metabolic syndrome.

Research Design and Methods

Study cohort
Sixty-two subjects were recruited at three study centers ac-

cording to the following inclusion criteria: men or postmeno-

pausal women, 35–65 years of age, body mass index (BMI)
above 25 kg/m2 and below 40 kg/m2, abdominal obesity accord-
ing to National Cholesterol Education Program/Adult Treat-
ment Panel III (waist circumference above 88 cm for women and
above 102 cm for men) and at least one lipid abnormality
(plasma TGs above 1.7 mmol/L and below 4.5 mmol/L and/or
HDL cholesterol below 1.29 mmol/L for women and below 1.03
mmol/L for men).

Exclusion criteria were HDL cholesterol below 0.6 mmol/L,
total cholesterol above 6.5 mmol/L or genetic hyperlipidemia,
apoE2/E2 or apoE4/E4 homozygosity, type 2 diabetes treated
with oral agents and/or insulin, a history of cardiovascular dis-
ease, systolic blood pressure above 160 mm Hg or diastolic blood
pressure above 95 mm Hg, a history of surgical procedures for
weight loss, the presence of any clinically significant endocrine
disease, severe hepatic impairment (aspartate aminotransferase
or alanine aminotransferase �3 times upper limit of normal) or
renal function (creatinine clearance �30 mL/min) or proteinuria
(�30 mg/dL). Subjects were not allowed any lipid-lowering
drugs, antiobesity drugs, nonselective �-blockers, or agents
known to affect lipid metabolism. Individuals with histories of
alcohol and/or drug abuse, current smoking or smoking cessa-
tion within the past 3 months were also excluded.

Subjects were advised to follow a weight-maintenance diet for
6 weeks before the kinetic studies. Body weight was measured
with participants wearing undergarments or very light clothing
and no shoes. Subjects with greater than 3% variation in weight
during this period were excluded from the study. Waist circum-
ference was recorded at the midpoint between the lower rib mar-
gin and the iliac crest. Three consecutive readings were taken,
and the mean was recorded.

Study design
The protocol included three study visits comprising a fasting

kinetic study, determination of intraabdominal fat depots and a
heparin test on separate dates. The ethics committee at each site
approved the study design and each subject gave written in-
formed consent before participation in the study (trial registered
as number NCT00408148).

Kinetic protocol, isolation of lipoproteins, and
biochemical analyses

The subjects were admitted at 7:30 AM, and baseline blood
samples for the kinetic study and biomarkers (apoA-I, apoA-II,
apoB, apoCIII, apoE, lysophosphatidic acid [LpA]-I, glucose,
insulin, and low-density lipoprotein [LDL] particle size) were
taken. At 8:00 AM, a bolus injection of [1,1,2,3,3-2H5]glycerol
(500 mg) and [5,5,5-2H3]leucine (7 mg/kg) was given and blood
drawn as previously described (18). Isolation of VLDL1 and
VLDL2 and measurements of isotopic enrichment of leucine in
apoB and glycerol in triglycerides were performed as previously
described (18). Total apoB and TG content in VLDL1 and
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VLDL2 were determined at 0, 4, and 8 hours after tracer
injection.

Isolation of apolipoproteins and glycerol:
measurement of isotopic enrichment

VLDL1 and VLDL2 were isolated from plasma as previously
reported (18). HDL-apoA-I and HDL-apoA-II were isolated
from plasma by sequential ultracentrifugation, separated by
SDS-PAGE, and blotted on to a polyvinylidene fluoride mem-
brane. ApoB (isolated from VLDL1 and VLDL2) and apoA-II and
apoA-II (isolated from HDL) were hydrolyzed, derivatized, and
subjected to gas chromatography mass spectrometry to measure
tracer leucine enrichment, as previously reported (18, 19).

TGs were isolated from VLDL1 and VLDL2 fractions and
the tracer glycerol enrichment determined as previously re-
ported (18).

Modeling
Apoprotein enrichment data were modeled using SAAM-II

(The Epsilon Group) (20). The injected amount of [2H3]leucine
and [2H5]glycerol, the leucine and glycerol pool sizes in VLDL1

and VLDL2, and the enrichment curves of plasma leucine and
glycerol in VLDL1 and VLDL2 leucine and glycerol were used for
a multicompartment model that allowed simultaneous modeling
of apoB and TG kinetics as previously described (18) (Supple-
mental Figure 1). Direct VLDL1 FCR represents direct uptake by
the liver when indirect VLDL1 FCR represents lipolytic conver-
sion of VLDL1. ApoA-I modeling was performed using a mul-
ticompartment model as previously detailed (21). Briefly, the
apoA-I model includes a four-compartment subsystem (com-
partments 1–4) that describes plasma leucine kinetics. This sub-
system is connected to an intrahepatic delay compartment, com-
partment 5, that accounts for the time required for the synthesis
and secretion of apoA-I into plasma. Compartments 6 and 7
describe the kinetics of apoA-I in the plasma HDL fraction and
in a non-HDL compartment respectively. ApoA-II modeling was
performed using the apoA-I multicompartment model. The FCR
was equivalent to the loss from compartment 6, and the pro-
duction rate (PR; milligrams per kilogram�1 per day�1) was
calculated as the product of FCR and apoA-I (or apoA-II) pool
size.

Determination of liver fat content and sc and
visceral volumes

Magnetic resonance experiments were performed on 1.5T
clinical imagers (2x Avanto and Sonata; Siemens) at three cen-
ters. Liver fat content was determined using proton magnetic
resonance spectroscopy and sc abdominal and visceral volumes
were measured by magnetic resonance imaging as previously
described (22).

Analytical procedures
Fasting plasma glucose, TGs, HDL cholesterol, LDL choles-

terol, and plasma liver enzymes were determined by standard
procedures. Plasma apoA-I, apoA-II, apoB, apoE, LpA-I, apoC-
III, and adiponectin were measured by an ELISA. LpA-I:A-II was
obtained as the difference between plasma apoAI and LpAI.
Cholesteryl ester transfer protein (CETP) activity was deter-
mined as the capacity of a plasma sample to promote the transfer
of radiolabeled [3H]cholesteryl esters from [3H]cholesteryl ester-

HDL to apoB-containing lipoproteins (23). Plasma phospho-
lipid transfer protein (PLTP) activity was determined as the
capacity of a plasma sample to induce the transfer of radiolabeled
[14C]dipalmitoyl phosphatidylcholine from [14C]dipalmitoyl
phosphatidylcholine liposomes to an excess of isolated HDL
(24). Plasma CETP and PLTP activity levels were related to the
activity in a reference plasma analyzed in each run and are ex-
pressed in percentages. Lipoprotein lipase (LPL) and hepatic
lipase (HL) activities and LPL mass were measured as previously
described (25).

Statistical analysis
Data are reported as mean � SD. Statistical calculations were

performed using the SPSS software package (SPSS Inc). For con-
tinuous variables, a Kolmogorov-Smirnov analysis was per-
formed to test for normality. The Pearson correlation coefficients
(r) were determined by linear regression analysis. The relation-
ship between two variables, while controlling the effect of an-
other variable, was measured by the Pearson partial correlation.
Statistical significance of the correlation coefficients was deter-
mined by the method of Fisher and Yates. Multivariable analyses
were performed by stepwise linear regression, including into the
model all the variables that correlated in univariate analysis with
P � .10 and potential confounding factors such as age, gender,
and study center. For multivariable analyses, data that were not
normally distributed were log transformed. Comparison of data
between men and women were performed using the nonpara-
metric Mann-Whitney U test. A two-tailed probability level of
P � .05 was accepted as statistically significant.

Results

Main characteristics of the abdominally obese
population

The clinical and chemical characteristics of the popu-
lation are shown in Table 1. The subjects were abdomi-
nally obese, with a mean BMI of 32.3 � 3.33 kg/m2, large
waist circumference (108 � 8 cm) and high insulin resis-
tance (mean homeostasis model assessment index of in-
sulin resistance [HOMA-IR] value of 3.14 � 1.88). They
also exhibited the typical dyslipidemia of the metabolic
syndrome with high plasma TGs and low HDL cholesterol
(HDL-C) concentrations. Plasma lipid values (total cho-
lesterol, TGs, low-density lipoprotein cholesterol, and
HDL-C) were not significantly different between men and
women. As compared with men, women exhibited higher
mean values for age, hip circumference, total fat, sc fat,
plasma apoA-I, LpA-I, plasma insulin, LPL mass, LPL ac-
tivity and CETP activity, and lower mean value for hepatic
lipase activity.

Table 2 presents the kinetic data for apoA-II, apoA-I,
VLDL1-TG, VLDL2-TG, VLDL1-apoB, and VLDL2-apoB
of the abdominally obese population. All kinetic param-
eters were comparable between men and women except
for VLDL2-TG FCR (P � .036), VLDL1-apoB direct FCR
(P � .017), and VLDL1-apoB PR (P � .048).
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Correlations between apoA-II kinetic parameters
and main lipid, morphological, and apoA-I, VLDL1-
TG, VLDL2-TG, VLDLl-apoB and VLDL2-apoB kinetic
parameters

The correlation coefficients between apoA-II kinetic
parameters (apoA-II FCR, apoA-II PR) and main lipid,
morphological, and apoA-I, VLDL1-TG, VLDL2-TG,

VLDLl-apoB, and VLDL2-apoB kinetic parameters are
shown in Table 3. ApoA-II FCR was positively correlated
with BMI, sc fat, liver fat, apoCIII, apoA-I FCR, apoA-I
PR, apoA-II pool, apoA-II PR, VLDL1-TG PR,
VLDL2-TG PR, VLDL2-TG FCR, and VLDL2-apoB FCR
and negatively with HDL-C to apoA-I ratio and LPL mass
(Table 3). ApoA-II PR was positively correlated with age,

Table 2. Kinetic Data for apoA-II, apoA-I, VLDL1-TG, VLDL2-TG, VLDL1-apoB, and VLDL2-apoB Metabolism in the
Abdominally Obese Individuals for the Entire Population (n � 62) and Separately For Men (n � 50) and Women (n � 12)

Mean � SD [Ranges] for
Entire Population (n � 62)

Mean � SD for
Men (n � 50)

Mean � SD for
Women (n � 12)

ApoA-II FCR, pool/d�1 0.27 � 0.08 [0.14–0.54] 0.27 � 0.08 0.26 � 0.05
ApoA-II PR, mg/kg�1 � d�1 3.86 � 1.37 [1.75–8.96] 3.89 � 1.48 3.70 � 0.69
ApoA-I FCR, pool/d�1 0.29 � 0.07 [0.14–0.44] 0.28 � 0.07 0.29 � 0.08
ApoA-I PR, mg/kg�1 � d�1 15.16 � 3.88 [8.11–23.53] 14.73 � 3.62 16.65 � 4.25
VLDL1-TG direct FCR, pool/d�1 7.52 � 5.50 [1.06–25.33] 6.76 � 4.75 10.55 � 7.38
VLDL1-TG indirect FCR, pool/d�1 2.72 � 1.47 [0.69–7.94] 2.75 � 1.48 2.61 � 1.52
VLDL1-TG total FCR, pool/d�1 10.24 � 5.84 [2.71–30.81] 9.51 � 4.93 13.16 � 8.34
VLDL1-TG PR, mg/kg�1 � d�1 292.92 � 124.62 [121.96–625.75] 283.09 � 131.02 332.25 � 90.21
VLDL2-TG FCR, pool/d�1 14.02 � 6.79 [5.41–34.63] 14.96 � 7.06 10.25 � 3.98
VLDL2-TG PR, mg/kg�1 � d�1 110.51 � 53.30 [38.97–274.30] 114.25 � 57.94 95.61 � 25.04
VLDL1-apoB direct FCR, pool/d�1 2.90 � 2.67 [0.00–9.56] 2.46 � 2.45 4.65 � 2.95
VLDL1-apoB indirect FCR, pool/d�1 4.63 � 2.06 [1.14–10.07] 4.60 � 2.02 4.76 � 2.34
VLDL1-apoB total FCR, pool/d�1 7.53 � 3.22 [2.48–18.51] 7.06 � 2.86 9.41 � 3.98
VLDL1-apoB PR, mg/kg�1 � d�1 8.22 � 3.14 [3.60–16.45] 7.97 � 3.24 9.23 � 2.60
VLDL2-apoB FCR, pool/d�1 5.68 � 1.96 [2.57–11.90] 5.93 � 2.06 4.72 � 1.13
VLDL2-apoB PR, mg/kg�1 � d�1 7.04 � 2.76 [1.08–16.91] 7.11 � 2.90 6.76 � 2.21

Table 1. Clinical and Chemical Characteristics of the Abdominally Obese Individuals for the Entire Population
(n � 62) and Separately for Men (n � 50) and Women (n � 12)

Mean � SD for Entire
Population (n � 62)

Mean � SD for
Men (n � 50)

Mean � SD for
Women (n � 12)

Age, y 51.5 � 8.1 50.0 � 7.9 57.8 � 4.9
BMI, kg/m2 32.3 � 3.33 31.9 � 3.1 33.7 � 3.9
Waist, cm 108 � 8 108.7 � 7.4 106.6 � 9.2
Hip, cm 110 � 7 108.3 � 6.7 115.5 � 8.6
Total fat, % 29.7 � 6.5 27.2 � 3.7 41.2 � 3.9
Liver fat, % 7.7 � 6.6 7.1 � 6.5 10.3 � 6.8
Visceral fat, kg 2.50 � 0.85 2.55 � 0.86 2.29 � 0.79
Subcutaneous fat, kg 27.02 � 6.92 25.4 � 6.1 34.6 � 5.5
Total cholesterol, mmol/L 4.77 � 0.72 4.70 � 0.72 5.08 � 0.58
Plasma TGs, mmol/L 1.98 � 0.71 1.97 � 0.74 2.06 � 0.54
LDL cholesterol, mmol/L 2.90 � 0.67 2.85 � 0.69 3.13 � 0.49
HDL-C, mmol/L 0.97 � 0.15 0.96 � 0.15 1.02 � 0.13
ApoA-I, mg/dL 118 � 14 116 � 13 126 � 15
ApoA-II, mg/dL 32 � 5 32 � 5 32 � 3
LpA-I, mg/dL 34 � 8 33 � 7 40 � 7
LpA-I:A-II, mg/dL 83 � 13 82 � 13 84 � 11
ApoC-III, mg/dL 9.0 � 2.4 9.0 � 2.5 9.0 � 2.3
VLDL1-TG, mg/dL 77 � 34 80 � 36 69 � 26
VLDL1-apoB, mg/dL 3.46 � 1.76 3.44 � 1.57 3.55 � 2.46
Fasting glucose, mmol/L 5.63 � 0.55 5.63 � 0.55 5.64 � 0.56
Plasma insulin, mU/L 12.21 � 6.74 11.38 � 6.05 16.49 � 8.44
HOMA-IR 3.14 � 1.88 2.92 � 1.69 4.36 � 2.51
LPL activity, mU/mL 133 � 44 127 � 44 161 � 22
HL activity, mU/mL 309 � 116 330 � 110 205 � 89
LPL mass, ng/mL 293 � 91 280 � 88 359 � 76
CETP activity, % 73.4 � 10.6 71.9 � 10.4 78.9 � 9.7
PLTP activity, % 81.5 � 17.9 81.4 � 18.1 81.9 � 18.2
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BMI, sc fat, liver fat, plasma TGs, apoCIII, LpA-I:A-II,
VLDL1-apoB,apoA-I FCR, apoA-I PR, apoA-II pool,
apoA-II FCR,VLDL1-TGPR,VLDL2-TGPR,VLDL2-TG
FCR, and VLDL1-apoB PR and negatively with the
HDL-C to apoA-II ratio (Table 3).

Because of the strong correlation between apoA-II FCR
and apoA-I FCR and because of a negative correlation
between apoA-I FCR and VLDL1-TG indirect FCR (r �

�0.247, P � .05), we performed a correlation analysis
after adjustment for apoA-I FCR that showed a strong
positive correlation between apoA-II FCR and VLDL1-TG

indirect FCR (r � 0.520, P � .0001). Moreover, apoA-II
FCR was negatively correlated with VLDL1-TG (r�
�0.265, P � .037) after adjustment for apoAI FCR.

Independent predictors for apoA-II catabolism
Because there was a strong correlation between apoA-II

FCR and apoA-II PR (r � 0.915, P � .0001), we focused
on independent factors regulating apoA-II FCR by mul-
tivariable analyses.

First, we analyzed the morphological and biological
parameters that may predict apoA-II FCR. With this mul-
tivariable statistical model, BMI (positively) and age (neg-
atively) were found to be independent predictor variables
for apoA-II FCR (Table 4).

Then we analyzed the kinetic parameters that may be
independently associated with apoA-II FCR. For this pur-
pose, we performed a multivariable analysis using all ki-
netic parameters that were correlated in univariate anal-
ysis with apoA-II FCR with a value of P � .10, except
apoA-II PR, and potential confounding factors such as
age, gender, and study center. ApoA-II FCR was indepen-
dently and positively associated with apoA-I FCR (P �
.0001) and VLDL1-TG indirect FCR (P � .0001) (Table
5). Both variables explained 59.7% of the variability in
apoA-II FCR

Discussion

Information on apoA-II kinetics in people with abdominal
obesity is scarce, and the link between apoA-II metabolism
and the kinetics of VLDL subspecies has not previously
been reported. In a large multicenter in vivo kinetic study
in abdominally obese individuals, we show that HDL
apoA-II FCR is positively and independently associated
with both HDL apoA-I FCR and VLDL1-TG indirect
FCR.

Table 4. Multivariable Analysis With ApoA-II FCR as
Dependent Variable (With Morphological and Biological
Parameters)

Variables � t P r2
r2

Change

BMI .357 2.767 .008 0.100
Age �.265 �2.053 .045 0.170 0.070
LpA-I �.218 �1.724 .091
ApoCIII .198 1.482 .145
LpA-I:LpA-II .187 1.396 .169
Liver fat .144 0.945 .349
Gender �.115 �0.785 .436
Study center �.066 �0.505 .616
Subcutaneous fat �.009 �0.040 .968

Abbreviation: �, standardized coefficient. Total r2 � 0.170. Significant
variables of the multivariate analysis are shown in bold.

Table 3. Association Between Kinetics of ApoA-II and
Clinical and Biochemical Variables in Univariate Analysis

ApoA-II
FCR

ApoA-II
PR

Age �0.158 0.267a

BMI 0.310a 0.336b

Visceral fat 0.156 0.171
Subcutaneous fat 0.266a 0.343b

Liver fat 0.307a 0.329b

HOMA-IR 0.129 0.140
TGs 0.191 0.297a

HDL-C �0.150 �0.226
HDL-C/apoA-I �0.292a �0.226
HDL-C/apoA-II 0.230 �0.352b

LpA-I �0.246 �0.219
LpA-I:A-II 0.212 0437c

ApoCIII 0.297a 0.441c

VLDL1-TG 0.136 0.230
VLDL1-apoB 0.244 0.290a

ApoA-I pool �0.121 0.123
ApoA-I FCR 0.672d 0.606d

ApoA-I PR 0.612d 0.652d

ApoA-II pool 0.303a 0.580d

ApoA-II FCR 1 0.915d

ApoA-II PR 0.915d 1
VLDL1-TG PR 0.361b 0.331b

VLDL2-TG PR 0.267a 0.283a

VLDL1-TG direct FCR 0.077 �0.009
VLDL1-TG indirect FCR 0.209 0.156
VLDL1-TG total FCR 0.125 0.031
VLDL2-TG FCR 0.383b 0.355b

VLDL1-apoB PR 0.244 0.255a

VLDL2-apoB PR 0.083 0.036
VLDL1-apoB direct FCR 0.077 0.083
VLDL1-apoB indirect FCR �0.010 �0.122
VLDL1-apoB total FCR 0.058 �0.010
VLDL2-apoB FCR 0.259a 0.149
LPL activity �0.211 �0.209
HL activity 0.210 0.128
LPL mass �0.258a �0.211
CETP activity �0.143 �0.197
PLTP activity �0.004 0.065

Pearson correlation coefficients in the 62 abdominally obese individuals.
a P � .05.
b P � .01.
c P � .001.
d P � .0001.
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The positive association between apoA-II FCR and
apoA-I FCR is not surprising because both apolipopro-
teins are present on HDL particles. In several pathological
situations with low HDL-C, apoA-I FCR and apoA-II
FCR are modified in the same direction. For example, a
parallel increase in apoA-I FCR and apoA-II FCR has been
reported in patients with primary HDL deficiency (26) as
well as in individuals with the metabolic syndrome (16).
Moreover, therapeutic intervention-modifying apoA-I
FCR has been shown to modify also apoA-II FCR, in the
same direction. For instance, a 6-week n-3 fatty acid sup-
plementation induced in obese men a 22.6% decrease in
apoA-I FCR and a parallel 23% decrease in apoA-II FCR
(19). In men with the metabolic syndrome, rosuvastatin 40
mg has been shown to provoke a parallel decrease in the
FCR of both apoA-I (by 18%) and apoA-II (by 19%) (27).
In addition, the link between apoA-I catabolism and
apoA-II catabolism is also suggested by a study showing
that apoA-I facilitates hepatic lipase-mediated hydrolysis
in apoA-II containing HDL particles (28).

We also show that VLDL1-TG indirect FCR, represent-
ing the catabolism of VLDL1 particles mediated by LPL, is
positively and independently associated with HDL
apoA-II FCR. This indicates that any modification of
VLDL1 catabolism in one direction modifies apoA-II ca-
tabolism in the same direction. Consistent with this, a
significant reduction of HDL apoA-II FCR has been re-
ported in a heterozygous carrier of a mutation of the li-
poprotein lipase gene with reduced VLDL catabolism
(29). Some therapeutic interventions such as peroxisomal
proliferator-activated receptor-� agonists that accelerate
VLDL catabolism can also significantly increase HDL
apoA-II catabolism. Indeed, it has been shown in men with
the metabolic syndrome that a 5-week treatment with
fenofibrate, which is known to significantly enhance
VLDL catabolism, induces a significant 16% increase in
apoA-II FCR (30). A treatment during 8 weeks with the

peroxisomal proliferator-activated receptor-� agonist
LY518674 in individuals with the metabolic syndrome
induces a significant increase in VLDL catabolism accom-
panied by a 25% increase in apoA-II FCR (31). It is in-
teresting to note that VLDL1 catabolism is positively as-
sociated with apoA-II catabolism when it is associated
negatively with apoA-I catabolism as we recently reported
(10), indicating a specific association between the metab-
olism of apoA-II and VLDL1.

In vitro studies have shown reciprocal apoA-II transfer
between HDL and VLDL (32), and the association be-
tween VLDL catabolism and apoA-II catabolism suggests
that a potential transfer of apoA-II between TG-rich lipo-
proteins (VLDL) and HDL may be a factor regulating
apoA-II FCR. Because apoA-II inserts more deeply into the
lipoprotein surface phospholipids than apoA-I due to its
larger apolar lipid-binding face, we may hypothesize that
apoA-II is more deeply associated with the VLDL lipo-
proteins than apoA-I. In the condition of abdominal obe-
sity characterized by a significant increase in the pool of
VLDL1 particles and a severely impaired catabolism of
VLDL1 lipoproteins (17), it is possible to speculate that
retention of apoA-II might occurs in VLDL1, leading to
reduced apoA-II catabolism. The fact that reduced catab-
olism of VLDL particles seems to slow the catabolism of
HDL apoA-II but not the one of HDL apoA-I is also sug-
gested by a 20% decrease in apoA-II FCR in a heterozy-
gous carrier of a mutation of the lipoprotein lipase gene
showing reduced VLDL catabolism without any reduction
of apoA-I FCR (29). Our results are also in line with the
observation of a higher increase in apoA-I FCR (�50%)
than in apoA-II FCR (�30%) in men with the metabolic
syndrome (16). It is interesting to note that, in this later
study the values of apoA-I FCR and apoA-II FCR were
similar among normotriglyceridemic controls.

It is possible that increased apoA-II within VLDL lipo-
proteins could partly decrease VLDL catabolism. Indeed,

Table 5. Multivariable Analysis With ApoA-II FCR as Dependent Variable (With VLDL Subspecies and ApoA-I Kinetic
Parameters)

Variables � t P r2 r2 Change

ApoA-I FCR .768 7.595 <.0001 0.448
VLDL1-TG indirect FCR .399 3.944 <.0001 0.597 0.149
Gender �.155 �1.616 .114
Study center �.158 �1337 .189
VLDL2-TG FCR .167 1304 .199
Age �.050 �0.482 .633
VLDL1-TG PR .055 0.473 .639
ApoA-I PR .103 0.415 .680
VLDL1-apoB PR .041 0.357 .723
VLDL2-apoB FCR .021 0.193 .848
VLDL2-TG PR .010 0.089 .929

Abbreviation: �, standardized coefficient. Total r2 � 0.597. Age, gender, and center are in the model. Significant variables of the multivariate
analysis are shown in bold.
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mice overexpressing apoA-II produce VLDLs that are
poor substrate for LPL in vitro (15, 32). In vivo, hydrolysis
of VLDL-TG in apoA-II-overexpressing mice was, how-
ever, similar to control mice (33, 34). Desai et al (35)
recently reported that VLDL-containing apoA-II is catab-
olized at a slower rate than VLDL without apoA-II and
that the delayed catabolism is related mainly to reduced
particle clearance from plasma as opposed to lipolytic con-
version of VLDL to IDL. In addition, in a situation of
decreased LPL activity by genetic mutation (type V hy-
perlipoproteinemia), a significant increase of apoA-II in
VLDL particles is observed, indicating that decreased

VLDL catabolism causes retention
apoA-II in VLDL particles (36).
These data collectively indicate that
increased apoA-II within the VLDL
compartment is not likely to be in-
volved in the reduced indirect catab-
olism of VLDL in insulin resistance.
Reduced VLDL catabolism observed
in insulin resistant states, such as
abdominal obesity, is largely due to
decreased indirect VLDL catabo-
lism to IDL, mediated by LPL (37–
39). Our data clearly show a positive
association between apoA-II FCR
and indirect VLDL1 catabolism that
has been shown to involve the action
of LPL (40). In addition, we report in
the present study a positive correla-
tion between apoA-II FCR and apo-
CIII, an inhibitor of LPL, which is in
line with the association between
apoA-II FCR and indirect VLDL ca-
tabolism via LPL. Thus, we propose
that increased retention of apoA-II
within VLDL in the setting of insulin
resistance is a consequence rather than
a cause of reduced VLDL catabolism.

The metabolic pathways respon-
sible for the presence of apoA-II in
VLDL are not clear. Some studies
suggest that apoA-II could be se-
creted from the liver into the plasma
as discoidal apoA-II-HDL or in a lip-
id-poor form as suggested by some
studies (41–43). However, in vitro
studies have shown significant incor-
poration of apoA-II in VLDL parti-
cles, indicating that VLDL is a good
acceptor for apoA-II (44), and we
may think that a transfer of apoA-II
from nascent apoA-II particles to-

ward VLDLs occurs in plasma. In clinical situations of
hypertriglyceridemia, the transfer of apoA-II from nascent
apoA-II particles toward TG-rich lipoproteins is likely to
be increased. This is supported by the increased amount of
apoA-II within VLDLs observed in hypertriglyceridemic
patients (36).

Both experimental and human data imply that apoA-II
appears to play a complex role in the regulation of HDL
metabolism, and apoA-II metabolism remains poorly
known. Collectively our data suggest that apoA-II catab-
olism may be a two-step process. The first step could be a

Figure 1. ApoA-II catabolism: a two-step process. The first step is as follows: apoA-II transfer
from VLDL toward HDL that is dependent of VLDL catabolism (the higher VLDL catabolism is, the
higher apoA-II transfer from VLDL to HDL is). The second step is as follows: catabolism of apoA-II
incorporated in the HDL particles. This catabolism is linked to apoAI catabolism. A, The normal
situation. B, The situation of reduced VLDL catabolism (such as metabolic syndrome). IDL,
intermediate density lipoprotein.
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transfer of apoA-II from VLDL toward HDL that is de-
pendent on VLDL catabolism (the higher VLDL catabo-
lism is, the higher apo-AII transfer from VLDL to HDL is).
The second step could be catabolism of apo-AII incorpo-
rated within the HDL particles that is linked to apoAI
catabolism (Figure 1).

Our present study has some limitations. In our studied
population, the percentage of males was higher. Although
adjustments for gender have been performed in multivar-
iate analyses, we cannot totally exclude that some gender
differences may exist. We did not study the kinetics of
HDL subspecies or of LpA-I and LpA-I:A-II. Additional
studies considering the kinetics of HDL subspecies, LpA-I
and LpAI:A-II may help to get further insight into the asso-
ciation between VLDL1 kinetics and HDL metabolism.

In conclusion, based on large multicenter in vivo kinetic
study, we demonstrate, in abdominally obese individuals,
that the catabolism of HDL apoA-II is positively and in-
dependently associated with both the catabolism of HDL
apoA-I and the indirect catabolism of VLDL1-TG. These
data suggest that, in a condition of delayed VLDL1 catab-
olism such as abdominal obesity, retention of apoA-II in
the VLDL1 pool may occur, with an effect on apoA-II
catabolism. Further studies are needed to investigate the
consequences of this tight link between VLDL1 catabo-
lism and apoA-II catabolism in abdominal obesity.
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