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Abstract We investigated the effect of weight loss, inde-
pendent of change in diet composition, on HDL and apoAl
metabolism in men with metabolic syndrome (MetS). Sub-
jects (19 men with MetS [NCEP-ATPIII]) were fed an
isoenergetic Mediterranean-style diet for 5 weeks (all foods
provided). Participants then underwent a 20-week free-
living period during which they were counseled to restrict
energy intake, after which they were again fed an isoener-
getic Mediterranean-style diet for 5 weeks. At the end of the
two controlled diets, participants received a single bolus of
[5,5,5-2H3] 1leucine, and fasting blood samples were col-
lected over a 96 h period. ApoAl kinetic was assessed using
multicompartmental modeling of the tracer enrichment
data. Participants achieved a 9.1 + 2.8% reduction in body
weight (P < 0.001). Weight loss resulted in an increase in
plasma HDL-cholesterol (HDL-C) concentrations of 6.0%
(P = 0.059) and HDL;-C of 7.9% (P = 0.045), attributable
to a reduction in apoAl fractional catabolic rate (—7.8%;
P = 0.046) with no change in apoAl production rate (2.2%;
P = 0.58).HE These data indicate that weight loss, indepen-
dent of variation in diet composition, increases plasma HDL
primarily by delaying the catabolism of apoAl.—Richard,
C., P. Couture, S. Desroches, A. H. Lichtenstein, and B.
Lamarche. Effect of weight loss, independent of change in
diet composition, on apolipoprotein Al kinetic in men with
metabolic syndrome. J. Lipid Res. 2013. 54: 232-237.
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Typical features of metabolic syndrome (MetS) include
abdominal obesity, hypertension, insulin resistance, high
plasma triglyceride (TG) concentrations, and low HDL-
cholesterol (HDL-C) concentrations, all of which are
important risk factors for cardiovascular disease (1). The
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cardiometabolic risk profile associated with MetS is
thought to be largely attributable to central obesity (2),
and this is why weight loss is generally considered the pri-
mary target for the treatment of patients with MetS (3).
Several studies have shown that weight loss of as little as
5% of initial body weight markedly improves several fea-
tures of MetS (4, 5).

Kinetic studies have shown that weight loss reduces VLDL-
apoB secretion in viscerally obese patients, probably owing
to reduced visceral fat mass, enhanced insulin sensitivity,
and decreased hepatic lipogenesis (6). Because plasma TG
concentrations are so closely linked to HDL catabolism (7,
8), one would expect the TG-lowering effect of weight loss
to be systematically associated with raised plasma HDL-C
concentrations (9), but this has not always been a systematic
observation (9-11). Diet composition is also an important
determinant of HDL metabolism (12, 13), and it is possible
that inconsistencies among weight loss studies may be at-
tributable at least in part to important variations in diet dur-
ing weight loss. Nevertheless, mechanisms underlying the
impact of weight loss on HDL are not well understood,
and we believe it is important to dissect out the effects
of weight loss per se to those due to dietary changes dur-
ing weight loss when investigating the mechanisms by
which weight loss modulates HDL-C concentrations. To the
best of our knowledge, this has not been done.

The aim of the present study was to investigate the im-
pact of weight loss alone, independent of variation in diet
composition, on HDL composition and metabolism by
characterizing apoAl kinetics in men with MetS. Our hy-
pothesis was that weight loss, independent of change in
diet composition, increases plasma HDL-C concentrations
primarily by delaying the catabolism of apoAl.

Abbreviations: CETP, cholesteryl estertransfer protein; FCR, frac-
tional catabolic rate; HDL-C, HDL cholesterol; LDL-C, LDL choles-
terol; MetS, metabolic syndrome; PR, production rate; PS, pool size;
TG, triglyceride
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MATERIALS AND METHODS

Population, study design, and diet intervention

Details of the study design have been previously described
(14). In the present study, we focused on data derived from the
weight-loss phase of the main study protocol. Briefly, men (18-65
years) from the Québec City metropolitan area who met the
NCEP-ATP III criteria for MetS (15) were recruited for the study.
All study procedures were approved by the Research Ethics Com-
mittee of Laval University. Written informed consent was ob-
tained from all participants enrolled in the study. Men with a
previous history of cardiovascular disease or type 2 diabetes,
those on lipid-lowering or hypertension medication, and smok-
ers were excluded. The subjects also had to have a stable body
weight for at least 6 months.

The subjects were provided with a control diet (5 weeks, all
foods provided including red wine) that was formulated to be
concordant with a Mediterranean-style diet (16) in quantities to
maintain body weight constant (Table 1). Participants subse-
quently participated in a 20-week weight loss period (see next
section). Finally, subjects were again provided with Mediterra-
nean-style diet (5 weeks) in quantities to maintain their reduced
body weight. This allowed us to investigate the impact of weight
loss per se (i.e., independent of variation in diet composition) on
HDL composition and metabolism.

Weight loss period and weight stabilization

After the first phase in controlled feeding isoenergetic condi-
tions, participants received instructions on how to reduce their
usual energy intake by 500 kcal/day. The objective was to gener-
ate a 5-10% reduction in body weight over a 20 week period.
A registered dietitian provided personalized advice on how to
create a 500 kcal deficit in daily energy intake. The primary
focus was on reducing portion size and promoting low energy-
density food choices. Three 3-day food records were collected
at weeks 2, 8, and 16 and averaged to document dietary intake
during the weight loss period (Table 1). Because our objective
was to investigate the impact of weight loss on HDL kinetics,
only participants who had lost at least 5% of their body weight
were eligible for the second kinetic studies after the 5 weeks of
weight stabilization.

TABLE 1.

Plasma lipids and lipoproteins assessment

The lipid content of the various plasma lipoproteins was mea-
sured enzymatically on a modular Hitachi using Roche products
(Roche Diagnostics GmbH, Mannheim, Germany) according to
standardized procedures (17). The cholesterol and triglyceride
content of the HDL, and HDL; subfractions was determined af-
ter sequential precipitation with dextran sulfate as previously
described (18). The precipitation method in our laboratories
showed very high intra-class correlations (ICCs) for repeated
samples (ICC = 0.99 and 0.98 for HDLy,-C and HDL;-C, respec-
tively; n = 82) and low CV (5.7% and 3.2% for HDL,-C and
HDL;-C, respectively) (19). Plasma apoAl concentrations were
measured by nephelometry (Dade Behring, Mississauga, Ontario,
Canada). Serum cholesteryl ester transfer protein (CETP; CV <
10%) (ALPCO diagnosticsSalem, NH), hepatic lipase, and en-
dothelial lipase (both CV =< 10%) (USCN Life Sciences Inc.,
Wuhan, PR, China) concentrations were determined by ELISA.
Fasting insulin concentrations were determined by radioimmu-
noassay (20) and plasma concentrations of lathosterol using a
GC method similar to that previously described (21).

Kinetic protocol

Participants underwent a kinetic study before and after weight
loss during week 5 of each controlled feeding period. After a
12 h fast, participants received a single intravenous bolus of
[5,5,5-'Hs] (-leucine (11 mg/kg), and fasting blood samples
(20 ml) were collected at predetermined time points (0, 0.5, 1, 2,
4, 6, 8, 10 h). Additional 12 h fasting blood samples were col-
lected in the morning of the next 4 days (24, 48, 72,96 h), during
which participants remained on the experimental control diet,
with all meals provided to them.

Quantification and isotopic enrichment of apoAl

Plasma apoAl was first isolated by sequential ultracentrifugation
from the d < 1.25 g/ml fraction using a Beckman 50.4ti Rotor.
Samples were then dialyzed overnight in a NaCl-Tris-EDTA buffer.
After a cysteamine treatment for 4 h at 37°C, samples were delipi-
dated according to standardized procedures (22). ApoAl bands
isolated by isoelectric focusing on polyacrylamide-urea gels were
hydrolyzed for 24 h at 110°C using 6 N HCI and dried before a
derivatisation step. ApoAl isotopic enrichment (%) was determined

Composition of the experimental isoenergetic controlled diet and mean

dietary intakes during the weight loss period

Controlled Diet

Controlled Diet
afterWeight Loss”

Free-living Caloric Restriction
Weight Loss Period”

Nutrients before Weight Loss*
Energy (kcal) 3,181 + 478
Lipids (%) 32.0
SFA (%) 6.7
MUFA (%) 18.1
PUFA (%) 4.7
TFA (%) 0.3
Carbohydrates (%) 50.0
Proteins (%) 17.0
Alcohol (%) 5.0
Cholesterol (mg/d) 368.6 + 55.4
Total fibers (g/d) 53.7 + 8.1
Soluble dietary fiber (g/d) 15.5+2.3
Sodium (mg/d) 3,866 + 581

2,318 + 682 2,865 + 390
31.1+6.3 32.0
89+25 6.7
13.3+29 18.1
6.3+1.8 4.7
09+04 0.3
51.0+7.5 50.0
20.7 + 4.9 17.0
3.9+3.0 5.0
281.6 + 120.0 332.0 + 45.2
33.8+10.2 48.4+ 6.6
9.6 +29 13.9+1.9
4,389 + 6240 3,483 + 474

Values are presented as mean + SD and percentages of daily energy intake. MUFA, monounsaturated fatty
acids; PUFA, polyunsaturated fatty acids; SFA, saturated fatty acids; TFA, trans fatty acids.
“ Isoenergetic Mediterranean-style diet. There is no variation in nutrient intake (% of calories) because all

subjects received the same diet regimen.

* Nutritional composition based on three 3-day food journals collected at weeks 2, 8, and 16 of the weight loss

period.
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by GG-MS (GC 6890N, MS 5973N; Agilent Technologies, Palo
Alto, CA).

Kinetic analysis

The apoAl fractional catabolic rate (FCR) was obtained by multi-
compartmental modeling of the isotopic enrichment data over time
using SAAM II software (University of Washington, Department of
Bioengineering, Seattle, WA). Fig. 1 (insert) shows the multicom-
partmental model used to describe the kinetic of plasma apoAl and
mean isotopic enrichment in apoAl over time in the d < 1.25 g/1
plasma fraction. Plasma volume was estimated using the equation
suggested by Nikkila and Kekki for overweight and obese subjects
(23). Plasma volume estimated using this equation has been strongly
correlated with plasma volume measured by the standard isotopic
dilution technique (24). The pool size (PS) of apoAl was estimated
by multiplying plasma apoAl concentrations by plasma volume.
ApoAl production rate (PR) was calculated by multiplying the FCR
by the PS of apoAl and by dividing by body weight.

Statistical analysis

Data are reported as means + SD and percentage changes from
the first controlled diet unless stated otherwise. Data were analyzed
using the PROC MIXED procedure for repeated measures in SAS
with time (before vs. after weight loss) as the main repeated effect
(v9.2; SAS, Cary, NC). Spearman correlation analyses were used to
examine the contribution of various factors to metabolic changes
induced by weight loss. Predictors of the weight loss-induced varia-
tions in apoAl FCR were also evaluated using stepwise regression
analysis. P < 0.10 and P =< 0.05 were used as criteria for variables
entry and maintenance in the model, respectively. The model
included weight loss-induced variations in waist circumference,
VLDL-TG, HDL-TG, CETP, hepatic lipase, endothelial lipase, and
fasting insulin. Variables with a skewed distribution were log-10
transformed before statistical analysis. Differences at P < 0.05
(two-sided) were considered significant.

RESULTS

Of the 26 men entering this study, seven did not achieve
the 5% body weight loss prescription that was defined a
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Fig. 1. Mean isotopic enrichment over time of plasma apoAl for
the 19 subjects before and after weight loss and multicompartmental
model used to determine the kinetics of apoAl (insert). Compart-
ments 1-4 describe the kinetic of leucine in plasma. Compartment 5
represents the intracellular pool of leucine (hepatic and other tis-
sues) from which apoAl is synthesized and appears into the circula-
tion (compartment 7) after a delay (compartment 6). Enrichment
data in compartment 5 were used as a forcing function for the en-
richment data of apoAl in the circulation.
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priori to undergo the second kinetic study. The mean
weight loss in these seven subjects was —1.2 + 1.7%. Thus,
comparisons before and after weight loss are based on
n = 19. The overall compliance to the predetermined con-
trol diets before and after the weight loss periods calcu-
lated from the food checklist in completers was 97.1 +
6.2%. Characteristics at screening of the 19 participants
are shown in Table 2. All men were characterized as hav-
ing the MetS at screening.

After the first isoenergetic feeding period, 15 out of 19
participants were still characterized as having MetS as de-
fined by NCEP-ATP III. However, mean plasma TG and
HDL-C concentrations were not significantly modified by
the 5 week consumption of the Mediterranean-style diet (14).
Body weight was reduced by an average of 9.1 + 2.8%
(P < 0.001) and waist circumference by 7.9 + 2.8 cm
(P < 0.001) after caloric restriction and weight stabiliza-
tion. Body weight was stable during the last 4 weeks of
the second weight-stabilizing feeding period (not shown).
Anthropometric characteristics, lipid profiles, and plasma
apoAl kinetic parameters before and after stabilized weight
loss are presented in Table 3. Weight loss increased plasma
HDL-C concentrations (6.0%), although the difference
did not reach statistical significance (P = 0.059). This was
mainly attributable to a 7.9% increase in plasma HDL;-C
concentrations (P = 0.045). Plasma apoAl concentrations
and apoAI PS remained essentially unchanged after weight
loss. The FCR of apoAl decreased significantly with weight
loss (—7.8%; P = 0.046), with no change in apoAl PR.
A significant reduction in plasma VLDL-TG (—24.8%;
P =0.007) and a trend toward a reduction in plasma en-
dothelial lipase (—12.4%; P = 0.078) concentrations with
weight loss were also observed. Weight loss led to signifi-
cant reductions in plasma fasting insulin (—16.9%) and
glucose (—4.2%) concentrations as well as in the HOMA-IR
score (—20.7%; all P< 0.05).

Reduction in apoAl FCR with weight loss was posi-
tively correlated with concurrent reductions in plasma
VLDL-TG and fasting insulin concentrations (Table 4).
Variations in HDL-C concentrations with weight loss
tended to be negatively associated with changes in plasma
VLDL-TG and fasting insulin concentrations and were
correlated with variations in plasma endothelial lipase
(r=—0.64; P=0.003). Variations in plasma apoAl con-
centrations with weight loss were positively correlated
with variations in total-C, LDL-C, and HDL-C concentra-
tions and tended to be negatively associated with reduc-
tions in insulin concentrations. In multiple regression
analysis, reductions in plasma VLDL-TG with weight loss
predicted change in apoAI FCR (shared variance, 38.6%;
P = 0.005). Finally, the reduction in VLDL-TG concen-
trations with weight loss was positively correlated in uni-
variate analyses with the reduction in fasting insulin
concentrations (r=0.52; P=0.021) and in the lathosterol/C
ratio (r=0.43; P=0.068).



TABLE 2. Physical characteristics and plasma lipid profile at
screening of the 19 men included in analyses

Frequency of

Variable Mean + SD MetS criteria
Age (years) 50.8 £ 10.8 —
Weight (kg) 99.5 +19.2 —
BMI (kg/m®) 33.4+55 —
Waist circumference (cm) 112.5+11.7 100%
Systolic blood pressure (mm Hg) 124.7 +10.0 15.8%
Diastolic blood pressure (mm Hg) 81.8+7.1 42.1%
Total-C (mmol/1) 5.46 + 1.06 —
LDL-C (mmol/I) 3.53 £0.97 —
HDL-C (mmol/1) 1.00 + 0.26 42.1%
Triacylglycerol (mmol/1) 2.02 +0.78 57.9%
Fasting glucose (mmol/1) 5.64 + 0.56 63.2%
MetS (%) 100% —

Values are presented as mean + SD and percentage of metabolic
syndrome’s criteria (NCEP ATP III). BMI, body mass index; C,
cholesterol; MetS, metabolic syndrome.

DISCUSSION

To our knowledge, this is the first study designed specifi-
cally to characterize the impact of weight loss per se, inde-
pendent of concurrent variation in diet composition, on
HDL and apoAl kinetic in men with MetS. Our main find-
ings are that weight loss alone increases plasma HDL-C
and HDL;-C concentrations primarily by decreasing apoAl
FCR with no change in apoAl PR. Results must be inter-
preted while considering that there was no control group
to assess changes over time, which is an important limita-
tion. The possibility that change in HDL metabolism over
time may have occurred independent of the intervention
cannot be excluded.

A meta-analysis of 70 studies published before 1992 as-
sessed the effect of weightloss by caloric restriction on HDL-C
concentrations. Data indicated that plasma HDL-C concen-
trations are reduced by 0.007 mmol/1 for each kilogram of
body weight loss during the active weight loss period and
increased by 0.009 mmol/1 for each kilogram of weight loss
at a stabilized reduced weight (10). Few studies in this meta-
analysis presented data pertaining to changes in dietary fat
quantity or quality during weight loss. Thus, it was impossible
for the authors to identify the independent influence of
changes in dietary fat intake during caloric restriction from
those due to weight loss per se on changes in lipids and
lipoproteins. In our study, each kg of body weight loss after
the 5-week stabilization period, in the absence of variation in
diet composition before versus after weight loss, was asso-
ciated with a 0.0056 mmol/1 increase in plasma HDL-C
concentrations. This value is 35% lower than the 0.009
mmol/] increase for each kg of weight loss predicted by data
from the previous meta-analysis on this topic (10). This is
consistent with the possibility that the specific contribution of
weight loss per se to raising HDL-C concentrations in
previous studies may have been overestimated due to the
significant confounding effect of changes in diet composi-
tion. The increase in HDL-C in our study was mostly attrib-
uted to increased HDL-;C rather than in HDLs-C
concentrations. Although some studies have shown that
weight loss is associated with increased concentrations of
large HDL particles (25), this has not been a consistent find-
ing (26). Williams et al. (26) have shown that the 18% in-
crease in plasma HDL-C concentrations after a 1-year weight
loss study in men with low HDL at baseline (vs. a control

TABLE 3. Lipid profiles and plasma apoAl kinetic parameters before and after weight loss

Variables Before Weight Loss After Weight Loss % Change P
Weight (kg)b 98.3 +19.6 89.4 +18.2 -9.1% <0.001
Waist circumference (cm)” 112.2 £ 12.2 104.3 + 13.4 —-7.0% <0.001
VLDL-TG (mmol/1) 1.37 £ 0.53 1.03 +0.48 —24.8% 0.007
HDL-C (mmol/1)" 0.88 +£0.19 0.93 + 0.22 6.0% 0.059
HDL,-C (mmol/1)" 0.29 £ 0.09 0.30 £ 0.10 2.3% 0.684
HDLs-C (mmol/1) 0.58 + 0.15 0.63 £ 0.15 7.9% 0.045
HDL-TG (mmol/1) 0.13 +0.02 0.14 + 0.02 2.4% 0.625
HDL,TG (mmol/1)" 0.03 £ 0.01 0.03 +0.01 -0.5% 0.975
HDLsTG (mmol/1)" 0.11 +£0.02 0.11 +£0.02 1.5% 0.805
HDL-ApoAl (g/1) 1.03£0.17 1.06 £ 0.17 2.6% 0.190
Apo-Al

PS (mg)/' 4,224 + 749 4,208 + 702 —0.4% 0.808

Concentration (g/1) 1.18 £ 0.16 1.20 +0.16 2.3% 0.126

PR (mg/kg/d) 142 +2.4 14.5 + 3.0 2.2% 0.583

FCR (pool/d)b 0.33 + 0.06 0.30 + 0.04 —7.8% 0.046
CETP (pg/ml) 2.81 +0.54 2.81 + 0.46 -0.1% 0.978
Hepatic lipase wu/n’ 38.3+93.5 36.3 £92.6 -5.3% 0.345
Endothelial lipase (ng/ml)/' 249.7 +70.5 218.8 + 52.2 —-12.4% 0.078
ApoB (g/1) 1.00 +0.21 0.94 + 0.20 —6.0% 0.008
Glucose (mmol/)’ 6.08 + 0.48 5.83 +0.41 —4.2% <0.001
Insulin (pmol/l)b 128.4 + 62.6 106.6 + 50.2 -17.0% 0.034
HOMA-IR 34.5 +16.6 27.4+12.2 —20.7% 0.030
Lathosterol/C ratio (102 pmol/mmol C) 280.4 + 75.1 229.4 + 85.6 —18.2% 0.002

Values are presented as mean + SD and percent change versus the control diet before weight loss. The HOMA-
IR score, apoB, glucose, and insulin concentrations have been published previously (14). Lathosterol/C ratio data
have been published previously (21). C, cholesterol; CETP, cholesteryl ester transfer protein; FCR, fractional
catabolic rate; HOMA-IR score = (insulin x glucose)/22.5; PR, production rate; PS, pool size; TG, triglycerides;

VLDL, very low-density lipoprotein.

“ Pvalue from the main effect of time in the mixed model (n = 19).

" Analysis was performed on log-transformed values.
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TABLE 4. Spearman correlation coefficients among changes in metabolic variables induced by weight loss

AHDL-C AApoAI AApoAI FCR AApoAI PR
Variables (mmol/1) (g/1) (pool/day) (mg/kg/day)
AWaist circumference (cm) 0.04 —0.13 0.02 —0.20
AVLDL-TG (mmol/1) —0.35° 0.00 0.61° 0.62"
ATotal-C (mmol/1) 0.08 0.54" 0.15 0.32
AHDL-C (mmol/I) - 0.41° —-0.31 —0.19
AFasting insulin (pmol/1) —0.37° —0.38° 0.46" 0.24
AEndothelial lipase (ng/ml) —0.64" —-0.19 0.19 0.18

G, cholesterol; FCR, fractional catabolic rate; PR, production rate; TG, triglyceride.

“P<0.01.
" p<0.05.
‘P<0.15.

group) was mostly attributable to an increase in HDL; mass
rather than to changes in HDL, mass. This is consistent with
our data because men in our study were also characterized as
having relatively low HDL-C concentrations at baseline.

To our knowledge, only one kinetic study has assessed
the effect of weight loss on HDL-apoAl metabolism using
stable isotope technique in men with MetS (11). The
hypocaloric, low-fat diet resulted in a 12.2% decrease in
body weight and a 13% decrease in apoAl FCR and PR,
resulting in no change in plasma HDL-C and apoAl con-
centrations (11). Weight loss was achieved by reducing
energy intake and shifting the fat composition of the diet
from 37% of energy to 26% of energy and by increasing
the dietary carbohydrate intake from 37% of energy to
48% of energy (11). Our study in men with MetS showed
that weight loss alone (i.e., when there is no confounding
effect of change in diet composition) reduces the FCR of
apoAl but has no influence on its PR. Previous studies
have shown that hypercatabolism of apoAl is the primary
mechanism underlying the unfavorable low HDL-C phe-
notype in obese insulin-resistant individuals (27-29). The
fact that weight loss primarily lowered apoAl FCR in our
study is consistent with that concept. ApoA-I FCR values
in men with MetS nevertheless remained high after
weight loss (0.30 pools/day on average) compared with
values generally seen in normal nonMetS subjects (0.20—
0.25 pools/day) (28), and this is consistent with the fact
that HDL-C levels, although increased after weight loss
(from 0.88 to 0.93 mmol/]l on average), remained below
normal values. The reduction in apoA-I FCR with weight
loss, in the absence of change in PR, should have been
associated with a significant increase in plasma apoA-I con-
centrations, but the change did not reach statistical sig-
nificance (P=0.12). We suspect that single-point assessment
of apoAl concentrations versus multipoint assessment of
apoAl kinetic may have resulted in different capacities to
detect significant changes in response to weight loss.

In the present study, changes in endothelial lipase with
weight loss were negatively correlated with changes in HDL-C
concentrations. Hydrolysis of phospholipids by endothelial
lipase has been associated with reductions in HDL particles
size, and small HDL that are the product of the intravascular
lipolysis of triglyceride-enriched HDL have been shown to be
catabolized more rapidly than large HDL (30, 31). It has also
been reported that endothelial lipase overexpression
enhances renal and hepatic apoAl catabolism (32). However,
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weight loss-induced reduction in VLDL-TG concentrations
was most strongly correlated with the reduction in apoAl
FCR in our study. TG in VLDL are substrates for CETP-
mediated exchange of neutral lipids to HDL particles, and this,
combined with an increased hepatic or endothelial lipase ac-
tivity often seen in obesity (33, 34), leads to a remodeling of
HDL that are susceptible to being cleared more rapidly (35,
36). Our data based on correlation analyses are therefore
consistent with direct evidence indicating that variations in
plasma TG concentrations, along with intravascular lipase
activities, are a key determinant of HDL catabolism (7). Insu-
lin resistance has been shown to drive the secretion of TG
enriched-apoB-containing lipoprotein particles primarily
by increasing free fatty acid flux to the liver and enhancing
hepatic lipogenesis (37). Hepatic availability of cholesterol
has also been shown to regulate secretion of plasma apoB-
containing lipoprotein (38). Consistent with this, we observed
a positive association between changes in VLDL-TG and
changes in fasting insulin concentrations and in the
lathosterol/C ratio, a surrogate marker of endogenous
cholesterol synthesis, with weight loss. We hypothesize that the
reduction in plasma VLDL-TG concentrations with weight loss
may be explained, at least in part, by the concurrent reduction
in fasting insulin concentrations reflecting improved insulin
sensitivity and reduced endogenous cholesterol synthesis.

Although the number of subjects in this study may be
considered limited (n = 19), the controlled feeding nature
of our protocol, the achievement of a stabilized weight for
the kinetic study, and the use of tracers to characterize
HDL metabolism in response to weight loss are important
strengths. The use of a bolus has also been shown to be
preferable to the primed constant infusion for the study of
lipoproteins with a slower turnover such as HDL (39).

In conclusion, data from this carefully controlled feed-
ing study suggest that the HDL-C raising effect of weight
loss in MetS is smaller in magnitude than expected based
on data from previous studies that have not controlled
for changes in dietary intake that generally occur with
weight loss. Our data also indicated that weight loss per se,
independent of variation in diet composition, increases
HDL primarily by delaying the catabolism of apoAI.H

The authors thank the staff of the metabolic kitchen,the nurses
and laboratory staff of the Institute of Nutraceuticals and
Functional Food for their technical assistance and the expert care
provided to the participants, and the participants of this study.
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