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OBJECTIVE — The aim of this study was to determine the effects of fenofibrate (160 mg/day)
on fasting and postprandial lipoproteins, oxidized fatty acids, and inflammatory mediators in
subjects with hypertriglyceridemia and the metabolic syndrome.

RESEARCHDESIGNANDMETHODS — Fifty-nine subjects with fasting hypertriglyc-
eridemia (�1.7 and �6.9 mmol/l) and two or more of the Adult Treatment Panel III criteria for
the metabolic syndrome were randomly assigned to fenofibrate (160 mg/day) or placebo in a
double-blind, controlled clinical trial.

RESULTS — Fenofibrate treatment lowered fasting triglycerides (�46.1%, P � 0.0001) and
postprandial (area under the curve) triglycerides (�45.4%, P � 0.0001) due to significant
reductions in postprandial levels of large (�40.8%, P � 0.0001) and medium (�49.5%, P �
0.0001) VLDL particles. The number of fasting total LDL particles was reduced in fenofibrate-
treated subjects (�19.0%, P � 0.0033) primarily due to reductions in small LDL particles
(�40.3%, P � 0.0001); these treatment differences persisted postprandially. Fasting and post-
prandial oxidized fatty acids were reduced in fenofibrate-treated subjects compared with place-
bo-administered subjects (�15.3%, P � 0.0013, and 31.0%, P � 0.0001, respectively), and
fenofibrate therapy lowered fasting and postprandial soluble vascular cell adhesion molecule-1
(VCAM-1) (�10.9%, P � 0.0005, and �12.0%, P � 0.0001, respectively) as well as fasting and
postprandial soluble intercellular adhesion molecule-1 (ICAM-1) (�14.8%, P � 0.0001, and
�15.3%, P � 0.0001, respectively). Reductions in VCAM-1 and ICAM-1 were correlated with

reductions in fasting and postprandial large
VLDL particles (P � 0.0001) as well as post-
prandial oxidized fatty acids (P � 0.0005).

CONCLUSIONS — Triglyceride-lowering
therapy with fenofibrate reduced fasting and
postprandial free fatty acid oxidation and in-
flammatory responses, and these antiathero-
sclerotic effects were most highly correlated
with reductions in large VLDL particles.
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The metabolic syndrome represents
an agglomeration of interrelated risk
factors that include abnormally high

fasting triglyceride levels (1,2). In a recent
analysis, hypertriglyceridemia (�1.7
mmol/l) represented the component of
the metabolic syndrome most strongly as-
sociated with a history of myocardial in-
farction and stroke (3). Furthermore,
elevated fasting triglyceride levels (�1.4
mmol/l) and an enlarged waist circumfer-
ence (�89 cm) were the two characteris-
tics of the metabolic syndrome that were
associated with the greatest increased risk
for all-cause mortality and cardiovascular
deaths among postmenopausal women
(4).

Hypertriglyceridemia signifies the
presence of increased plasma triglyceride–
remnant lipoproteins, and the concentra-
tions of remnant-like lipoproteins are
further enhanced postprandially among
hypertriglyceridemic subjects (5). Rem-
nant-like proteins have been shown to
increase intracellular oxidant concen-
trations and lipid peroxide levels in cul-
ture media and to activate nuclear
factor-�B (NF-�B) (6). NF-�B is a re-
dox-sensitive transcription factor that
increases expression of multiple inflam-
matory genes. In human carotid endar-
t e rec tomy spec imens , the re a re
established concentration-dependent
associations between oxidized LDL (ox-
LDL), NF-�B activation, and inflam-
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matory cell infiltrates (T-cells and
macrophages) (7). Although triglycer-
ide levels are consistently measured in
fasting blood specimens, accumulating
evidence indicates that postprandial
triglycerides further increase oxidative
stress (8) and are an under-recognized
contributing factor to endothelial dys-
function, atherosclerosis, and cardio-
vascular events (9).

Fenofibrate therapy results in signifi-
cant reductions in fasting triglyceride
concentrations and has been shown to re-
duce fibrinogen and C-reactive protein in
inflammatory mediators (10); however,
the relationship between plasma lipopro-
teins, oxidatively modified fatty acids,
and inflammatory mediators remains un-
certain (11). In this randomized placebo-
controlled trial, we investigated the effects
of fenofibrate therapy on fasting and post-
prandial lipoproteins, monohydroxy fatty
acids (OH-FAs), and cellular adhesion
molecules in hypertriglyceridemic sub-
jects with the metabolic syndrome and at-
tempted to correlate the changes in lipids
and lipoprotein particles with inflamma-
tory mediators.

RESEARCH DESIGN AND
METHODS — The study population
consisted of 59 subjects with hypertri-
glyceridemia and the metabolic syn-
drome. Study subjects were recruited
from consecutive patients referred to a
preventive cardiology outpatient clinic or
from radio or print advertisements. A to-
tal of 59 subjects meeting inclusion and
exclusion criteria were randomly as-
signed to receive fenofibrate 160 mg every
day or placebo. Of these, 55 (25 fenofi-
brate and 30 control subjects) completed
the study and were included in the pri-
mary analysis. Four subjects did not com-
plete the protocol because of withdrawal
of consent (n � 2), relocation (n � 1), or
gastrointestinal intolerance (n � 1). Men
and postmenopausal women �18 years
of age with fasting triglyceride levels �1.7
and �6.9 mmol/l and two or more of the
following Adult Treatment Panel III (1)
criteria for the metabolic syndrome were
included in the study: abdominal obesity
(waist circumference �89 cm in women
and �102 cm in men); low HDL choles-
terol levels (�1.3 mmol/l in women and
�1.0 mmol/l in men); hypertension (sys-
tolic blood pressure �130 or diastolic
blood pressure �85 mmHg) or current
drug therapy for hypertension; and im-
paired fasting glucose (�6.1 and �7.0
mmol/l). Exclusion criteria included type

1 or 2 diabetes; BMI �40 kg/m2; use of
lipid-lowering therapies, oral hypoglyce-
mic therapies, insulin, or aspirin �81 mg
daily; regular use of nonsteroidal anti-
inflammatory agents or cyclooxygenase-2
inhibitors, corticosteroids (oral and in-
haled), antioxidants (including multivita-
mins), or herbal or fiber supplements;
recent changes in type or formulation of
hormone replacement therapy (in the last
6 months); alcohol intake �3 drinks/day;
untreated hypothyroidism or a recent
change (within 2 months) in thyroid re-
placement therapy; and cigarette smoking
(current or within the last 6 months).

The institutional review board ap-
proved the protocol of this study. All sub-
jects gave written informed consent
before participating in this research trial.

Subjects were counseled by a regis-
tered dietitian on the American Heart As-
sociation Step 2 Diet and were instructed
to maintain the diet throughout the study.
To monitor compliance, subjects were
contacted twice during the 6-week di-
etary lead-in period to obtain 24-h diet
recalls. Food recalls were analyzed for fat,
calories, fiber, and alcohol intake using
the Minnesota Nutrition Data System,
version 2.93 (Nutrition Coordinating
Center, University of Minnesota, Minne-
apolis, MN). At the end of the lead-in pe-
riod, fasting blood lipids and blood
glucose were measured to determine
study eligibility. Eligible subjects re-
turned within 1 week of the blood draw-
ing for randomization. A total of 59
eligible subjects were randomly assigned
to fenofibrate 160 mg every day or pla-
cebo using a block randomization design
that stratified subjects by sex and decile of
age. After a 12-h fast, baseline blood spec-
imens were collected. An oxidative chal-
lenge was administered as a test meal
consisting of a milkshake, which included
a standardized fat content (68% of en-
ergy) that was adjusted to body surface
area (50 g/m2); it was composed of ice
cream, cream of coconut, and pasteurized
egg (12). The energy load of the test meal
varied from 6,378 to 10,226 kJ (1,524–
2,443 kcal) and the total fat content var-
ied from 116 to 186 g based on the body
surface area of each subject. After comple-
tion of the baseline measurements, sub-
jects had repeat phlebotomies performed
at 3.5 and 8 h. Subjects were provided
matching placebo or 160 mg fenofibrate
daily, which they were instructed to take
the evening of the randomization visit. Af-
ter 3 months of therapy, repeat laboratory

studies were performed for the 55 sub-
jects who completed the study protocol.

Laboratory studies
Plasma lipid and chemistry panel mea-
surements were obtained by standard
procedures. For fasting triglyceride levels
�4.52 mmol/l, LDL cholesterol values
were measured using nuclear magnetic
resonance (NMR). Lipoprotein subclass
profiles were measured with an auto-
mated NMR spectroscopic assay using a
modification of the method described
previously (LipoScience, Raleigh, NC)
(13). The following subclass categories
were investigated: chylomicrons (�200
nm), large VLDL (60–200 nm), interme-
diate VLDL (35– 60 nm), small VLDL
(27–35 nm), intermediate-density li-
poprotein (IDL) (23–27 nm), large LDL
(21.2–23 nm), small LDL (18–21.2 nm),
large HDL (8.8–13 nm), medium HDL
(8.2–8.8 nm), and small HDL (7.3–8.2
nm).

Reproducibility of the NMR-measured
lipoprotein particle parameters was deter-
mined by replicate analyses of plasma
pools. Coefficients of variation (CV) ob-
served were �4% for total VLDL, LDL, and
HDL particle concentrations, �0.5% for
VLDL, LDL, and HDL particle sizes, �10%
for chylomicrons and VLDL subclasses,
�8% for large and small LDL subclasses,
and �5% for large and small HDL sub-
classes. Higher CVs for IDL (�20%) and
medium HDL (�35%) subclasses reflect
their typically low concentrations.

Apolipoprotein B (apoB) levels were
measured by immunoassay (Jurilab, Kuo-
pio, Finland). The CV for apoB was 2.0%.
Plasma C18 hydroxy fatty acids were
measured by gas chromatography/mass
spectrometry (Jurilab) (14). The CV for
total OH-FAs was �5%. oxLDL was mea-
sured by immunoassay (Mercodia, Win-
ston Salem, NC). The CV for oxLDL was
�9%.

Levels of soluble cellular adhesion
molecules, vascular cell adhesion mole-
cule-1 (VCAM-1), and intercellular adhe-
sion molecule-1 (ICAM-1) were assayed
by monoclonal antibody– based multi-
analyte bead immunoassays (Luminex;
Linco Research, St. Charles, MO). Inter-
assay CVs were �12%.

Serum insulin levels were measured
using a human-specific insulin radioim-
munoassay (Linco Research). The CV for
insulin was �6%. Insulin resistance was
estimated from the homeostasis model
(15).

Fenofibrate and postprandial response
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Statistical analyses
Subject demographic characteristics are
reported as means � SD, while fasting
and postprandial lipids and lipoproteins
are reported as medians and interquartile
ranges (0.5 � [75th – 25th percentile]).
Postprandial responses were calculated as
area under the curve (AUC) using the
trapezoidal rule. The Wilcoxon rank-sum
test and Fisher’s exact test were used to
compare continuous and dichotomous
demographic variables, respectively, be-
tween treatment groups. Subject-specific
percent changes from baseline over the
3-month therapy period for lipid and li-
poprotein values as well as AUC were cal-
culated for each measurement. The
medians of each parameter were com-
pared between treatment groups using
the Wilcoxon rank-sum test. To account
for baseline differences in fasting small
VLDL particles and postprandial total
VLDL particle numbers, a multivariate re-
gression analysis was conducted on the
ranks of the data. In the figures (available
in an online appendix at http://dx.doi.
org/10.2337/dc07-0015), P values are for
between-group percent changes at each
time point using the Wilcoxon signed
rank-sum test. Percent change over the
treatment phase between lipid/lipopro-
tein levels, OH-FA, oxLDL, and soluble
cellular adhesion molecules were corre-
lated using Spearman correlations, and
both treatment groups were combined for
these correlations. All statistical analyses
were performed with SAS package 2003
(SAS Institute, Cary, NC).

RESULTS — The clinical characteris-
tics of the study populations are described
in Table 1 of the online appendix. This
study included predominantly middle-aged
men with central obesity, high fasting tri-
glyceride levels, low levels of HDL choles-
terol, and hypertension. The high
proportion of men in the study may poten-
tially introduce an unexpected bias; how-
ever, the distribution between groups was
well balanced. Only two subjects had fast-
ing glucose levels �6.1 mmol/l. Treatment
groups were well balanced with regard to
baseline demographics and laboratory val-
ues; in particular, there were no differences
between treatment groups in baseline blood
glucose (P � 0.88), insulin concentration
(P � 0.77), or homeostasis model assess-
ment index (P � �0.92). There were group
differences in baseline fasting small VLDL
particles (median in fenofibrate 59.1 nmol/l
and median in placebo 40.8 nmol/l, P �
0.04) and postprandial total VLDL particles

(median AUC in fenofibrate 1,044 nmol/l
and median AUC in placebo 842 nmol/l,
P � 0.02).

Aspirin (75–81 mg daily) was used
by 33% of placebo-administered subjects
and 24% of fenofibrate-treated subjects
(P � 0.56). The subjects did not change
their intake of dietary fat and calories. As
determined from pill counts, the study
subjects demonstrated high adherence
to study medications, with 97.6% of
placebo-administered subjects and
97.1% of fenofibrate-treated subjects
returning the correct number of tablets
(P � 0.65). Weight change during treat-
ment (kilograms) remained comparably
(P � 0.056) stable in the placebo group
(median [interquartile range] 101.8
[17.8] to 103.2 [22.4] kg) and the fenofi-
brate treatment group (105 [0 25.8] to
104.5 [26.2] kg; P � 0.056). There were
no differences in changes in waist circum-
ference between placebo (110.8 [12.2] to
111.8 [13.8] cm) and fenofibrate treat-
ment groups (109.2 [6.2] to 109.2 [10.2]
cm); P � 0.10). On trial, there were non-
significant changes in fasting glucose lev-
els (5.45 [0.55] to 4.51 [0.88] mmol/l in
the placebo group vs. 5.47 [0.36] to 4.57
[1.70] mmol/l in the fenofibrate group;
P � 0.91).

Fasting lipoprotein and OH-FA
measurements
Fenofibrate therapy lowered fasting tri-
glycerides (�46.1 vs. �4.0% for placebo;
P � 0.0001), non-HDL cholesterol
(�19.7 vs. �0.3%; P � 0.0048), and to-
tal VLDL particles (�44.1 vs. �4.9%;
P � 0.0001). The reduction in total VLDL
particles observed with fenofibrate is pri-
marily due to reductions in large VLDL
particles (�57.5 vs. �12.1%; P �
0.0112), medium VLDL particles (�54.2
vs. �11.2%; P � 0.0008), and small
VLDL particles (�32.8 vs. �19.6%; P �
0.0026). LDL cholesterol was not lowered
differentially between the treatment
groups (�7.1 vs. �0.8%; P � 0.48).
However, fenofibrate did lower LDL par-
ticles (�19.0 vs. �1.5%; P � 0.0033)
primarily due to reductions small LDL
particles (�40.2 vs. �10.1%; P �
0.0001). Consistent with the reduction in
LDL particles, apoB levels were also re-
duced in the fenofibrate-treated group
(�13.5 vs. �1.7%; P � 0.02). Fenofi-
brate therapy did not significantly lower
IDL levels (�30.3 vs. �10.8%; P � 0.12),
and there was no significant increase in
either HDL cholesterol (�21.8 vs.
�11.1%; P � 0.26) or HDL particles

(�13.2 vs. �4.4%; P � 0.12) in fenofi-
brate-treated subjects. Posttreatment lev-
els of the lipid and lipoprotein results for
each treatment group are presented in
Figs. 1–3 of the online appendix. P values
in these figures indicate the significance of
the change from pretreatment levels.

Fasting OH-FA levels were reduced
in the fenofibrate group (�15.5%) com-
pared with an increase in the placebo
group (�11.5%) (P � 0.0013), whereas
oxLDL levels were lowered among feno-
fibrate-treated subjects compared with
placebo-administered subjects (�14.3
vs. �3.1%; P � 0.046). Over the treat-
ment phase of the study, mean percent
changes in fasting OH-FAs were most
highly correlated with mean percent
changes in small LDL particles (r �
0.42, P � 0.01) (Table 2 of the online
appendix), and these associations were
higher for oxLDL (r � 0.54, P � 0.01).
Furthermore, oxLDL was inversely cor-
related with large LDL particles (r �
�0.39, P � 0.01) and small HDL parti-
cles (r � �0.27, P � 0.048). The fasting
OH-FA and oxLDL results for the feno-
fibrate-treated subjects are illustrated in
Fig. 4 of the online appendix.

Posttreatment levels of the OH-FA
and oxLDL results for each treatment
group are presented in Fig. 4 of the online
appendix. P values in this figure indicate
the significance of the change from pre-
treatment levels.

Postprandial lipoprotein and OH-FAs
Fenofibrate treatment lowered postpran-
dial (AUC) triglyceride concentrations
(�45.4%) compared with a rise in the
placebo group (�1.4%) (P � 0.0001)
and lowered non-HDL cholesterol (AUC)
(�6.2%) compared with no change in the
placebo group (P � 0.0035). Posttreat-
ment levels for each time point are shown
in Fig. 1 of the online appendix, together
with an indication of the significance of
the change in these values from pretreat-
ment levels. The reductions in postpran-
dial (AUC) triglyceride levels resulted
from a lowering in concentrations of large
VLDL particles (�54.8 vs. �8.3%; P �
0.0008) and medium VLDL particles
(�49.5 vs. �5.2%; P � 0.0001). After
the test meal, LDL cholesterol levels and
LDL particles reflected changes in fasting
specimens. The lowering in median abso-
lute numbers of postprandial LDL parti-
cles (�2,366 in the fenofibrate group vs.
�1,725 in the placebo group) was due to
a decrease in the small LDL particles
(�4,734 in the fenofibrate group vs.
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�1,633 in the placebo group) with an in-
crease in large LDL particles (�2,466 in
the fenofibrate group vs. �488 in the pla-
cebo group). The reductions in VLDL and
LDL particles were reflected by the post-
prandial (AUC) lowering in apoB levels
(�17.7% in the fenofibrate group
vs.�0.8 in the placebo group; P � 0.01).
Posttreatment levels for VLDL and HDL
for each time point are show in Figs. 2 and
3 of the online appendix, together with an
indication of the significance of the
change in these values from pretreatment
levels. Postprandially, there were signifi-
cant increases in large HDL particles
(�122.8 vs. �21.3%; P � 0.003) and to-
tal HDL particles (�19.4 vs. �2.1%; P �
0.008) with fenofibrate therapy com-
pared with placebo.

Postprandial (AUC) OH-FA levels
were reduced in the fenofibrate group
(�31.0%) and increased in the placebo
group (�7.5%; P � 0.0001). Posttreat-
ment levels for OH-FAs for each time
point are shown in Fig. 4 of the online
appendix. Changes (over the treatment
phase) in postprandial OH-FA levels in
the fenofibrate group were correlated
with postprandial changes in triglyceride
levels (r � 0.73, P � 0.0001) and in large
(r � 0.45, P � 0.01), medium (r � 0.48,
P � 001), and total VLDL particles (r �
0.51, P � 0.01) and in small LDL particles
(r � 0.45, P � 0.01) as shown in Table 2
of the online appendix. In addition, there
were inverse correlations between post-
prandial OH-FA changes and postpran-
dial HDL cholesterol changes (r � �0.44,
P � 0.01) and in large (r � �0.49, P �
0.01), small (r � �0.38, P � 0.01), and
total HDL particles (r � �0.41, P �
0.003).

Fasting and postprandial
inflammatory markers
Compared with placebo, fenofibrate ther-
apy reduced soluble VCAM-1 levels in
fasting specimens (�10.9 vs. �1.5%; P �
0.0005), as well as in postprandial (AUC)
specimens (�12.0 vs. �0.8%; P �
0.0001). Soluble ICAM-1 levels were low-
ered by fenofibrate in both fasting (�14.7
vs. �0.9%; P � 0.0001) and postprandial
(�15.3 vs �1.0%; P � 0.0001) speci-
mens. The changes in fasting and post-
prandial levels of VCAM-1 and ICAM-1 in
fenofibrate-treated subjects were corre-
lated with reductions in both large VLDL
particles and OH-FA levels (Table 2 of the
online appendix). In contrast, changes in
ICAM-1 were significantly associated
with oxLDL (r � 0.40, P � 0.01),

whereas changes in VCAM-1 were not.
Posttreatment levels for VCAM-1 and
ICAM-1 for each time point are shown in
Fig. 5 of the online appendix. In multivar-
iate models that included, age, sex, weight
change, small LDL, and OH-FA, changes
in VCAM-1 remained significantly corre-
lated with fasting (P � 0.02) and post-
prandial large VLDL particles (P �
0.006). Similarly, ICAM-1 was associated
with fasting (P � 0.04) and postprandial
large VLDL particles (P � 0.0003).

Safety studies
During the treatment period, there were
no treatment-related adverse events that
occurred more frequently in either treat-
ment group. There were no significant
differences between the placebo and feno-
fibrate groups in aspartate aminotransfer-
ase (P � 0.72), alanine aminotransferase
(P � 0.10), or creatine phosphokinase
(P � 0.16).

CONCLUSIONS — This study re-
ports several important findings. 1)
Postprandial hypertriglyceridemia is ac-
companied by persistent increased lev-
els of small and total LDL particles and
enhanced oxidative stress as evidenced
by a marked increase in oxidized fatty
acids and a sustained increase in the in-
flammatory response as indicated by el-
evated levels of soluble adhesion
molecules. 2) Treatment with fenofi-
brate markedly reduced postprandial
increases in larger-sized VLDL particles
and smaller-sized LDL particles. 3) In-
creased oxidative stress after a fatty
meal as measured by oxidized fatty ac-
ids and oxLDL is abrogated by fenofi-
brate. 4) The observed antioxidant and
anti-inflammatory effects of fenofibrate
appear to involve reduced oxidative
modification of phospholipid-rich large
VLDL particles.

In this cohort of hypertriglyceride-
mic subjects with the metabolic syn-
drome, fenofibrate therapy resulted in a
reduction in fasting triglyceride levels
(�46%) and a comparable reduction in
pos tp rand i a l t r i g l yce r ide l eve l s
(�45%). The triglyceride-lowering ef-
fect observed in fenofibrate-treated sub-
jects resulted primarily from reductions
in fasting and postprandial concentra-
tions of large VLDL particles and me-
dium VLDL particles.

In this study, fenofibrate significantly
reduced fasting LDL particles compared
with placebo (�19.0 vs. �1.5%; P �
0.0033), which persisted postprandially

(�21.0% vs. �3.7%; P � 0.0009). Re-
ductions in fasting and postprandial LDL
particles with fenofibrate resulted primar-
ily from a large decrease in small choles-
terol-depleted LDL particles and a smaller
increase in the number of larger, more
cholesterol-rich LDL particles compared
with placebo. Although changes in LDL
cholesterol were not different between fe-
nofibrate and placebo groups (P � 0.38
for fasting vs. P � 0.24 for postprandial),
the LDL particle results suggest that feno-
fibrate therapy decreases the atheroscle-
rotic potential of LDL cholesterol. The
average cholesterol content of the LDL
particles increased in the fenofibrate-
treated subjects, which explains the non-
significant reduction in LDL cholesterol.
Similar observations were reported in the
Veterans Administration HDL Interven-
tion Trial (VA-HIT) with gemfibrozil ther-
apy (16).

Lipoprotein subclass abnormalities
contribute to the increased vascular risk
for patients with the metabolic syndrome
(2). In the Framingham Offspring Study,
an increasing number of components of
the metabolic syndrome were associated
with a graded increase in the concentra-
tion of small LDL particles and a graded
decrease in the concentration of large LDL
particles (17). On the other hand, overall,
the cholesterol carried in LDL particles
was not associated with the number of
metabolic syndrome components,
whereas there was a stepwise increase in
total numbers of LDL particles. This asso-
ciation correlates with the severity of in-
sulin resistance, as more severe states of
insulin resistance were associated with a
progressively larger VLDL particle size,
smaller LDL particle size, and smaller
HDL particle size (18). Furthermore, sub-
jects with insulin resistance had higher
concentrations of VLDL, IDL, and LDL
particles.

Elevated LDL particle levels identifies
individuals at highest risk for atheroscle-
rotic vascular disease (19) and cardiovas-
cular events (20,21). In the VA-HIT
study, high levels of LDL particles and
low levels of HDL particles were indepen-
dent predictors of new coronary heart dis-
ease (CHD) events (16). Every 1 SD
increment in total LDL particles was asso-
ciated with a 1.19 incremental risk for
CHD events in adjusted models (95% CI
1.08–1.32, P � 0.007). Conversely, a
high HDL particle level was associated
with a reduced risk of CHD. For every 1
SD increment of HDL particles (4.8
	mol/l) at baseline, the relative risk for
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CHD events was 0.75 (0.67–0.84, P �
0.0001).

Small LDL particles have been sug-
gested to be inherently more atherogenic
because of their more facile penetration in
the arterial wall (22,23) and a greater sus-
ceptibility to oxidative modification (24)
than large LDL particles. In patients with
metabolic syndrome, small LDL particle
size was associated with increased intima-
media area in the carotid and femoral
arteries (25). In our study, fenofibrate-
treated subjects had large reductions in
small LDL particles (AUC �495 nmol/l)
and smaller increases in large LDL parti-
cles relative to placebo-administered sub-
jects (AUC �185 nmol/l) such that total
LDL particles were lowered by 19% (P �
0.0033). The observed differences in fast-
ing LDL subclasses between groups per-
sisted after the meal. Although the lipid
content of the lipoprotein particles was
not measured, these data are consistent
with inhibition of the triglyceride-
mediated lipid exchange between VLDL
and LDL particles. In combined hyperlip-
idemic subjects, fenofibrate (200 mg/day
for 8 weeks) reduced cholesteryl ester
transfer protein–mediated cholesteryl es-
ter transfer from HDL to VLDL, inducing
a shift from dense LDL to intermediate-
dense LDL subspecies (26).

Our findings on NMR-measured li-
poprotein subclasses are consistent with
an earlier open-label report of fenofibrate
(200 mg daily) therapy (27). Among 20
patients with severe hypertriglyceridemia
(mean triglyceride levels 5.08 � 2.84
mmol/l), fasting chylomicron and large
VLDL triglyceride levels were reduced
(�84.0 and �65.5%, respectively), as
was small LDL cholesterol (�42.0%).

The effect of gemfibrozil therapy on
lipoprotein subclasses and cardiovascular
events was reported in the VA-HIT trial
(16). Gemfibrozil therapy lowered LDL
particles by 5% (mean � SD 1,352 � 316
to 1,290 � 331 nmol/l; P � 0.0001) due
to a 20% reduction in small LDL particles
that was offset by a 36% increase in large
LDL particles. A 1 SD increase of LDL par-
ticles (350 nmol/l) during the trial was
associated with a multivariable adjusted
risk for CHD events of 1.28 (95% CI
1.12–1.47, P � 0.0003), and small LDL
particles were accompanied by a CHD
event risk of 1.41 (1.14–1.73, P � 0.001)
(16).

Oxidative modification of lipoprotein
particles is considered an essential pro-
cess for lipoprotein retention in the vessel
wall, activation of redox-sensitive inflam-

matory gene transcription, and recogni-
tion by macrophage scavenger receptors
(28). In this study, on-trial changes in
fasting and postprandial OH-FA were
most highly correlated with small LDL
particles. Consistent with the antioxidant
properties of HDL (29), we report an in-
verse correlation between OH-FA and
small HDL particles in subjects receiving
fenofibrate that was stronger in the post-
prandial state.

Oxidant stress impairs endothelial
function, and this abnormality is more
pronounced after a fatty meal (30 –33).
Postprandially, fenofibrate therapy had
a lowering effect on plasma OH-FA su-
perior to that with placebo. Further-
more, significant correlations were
observed between changes in postpran-
dial OH-FA and triglyceride levels (P �
0.01) and small LDL subclasses (P �
0.01). Previously it was reported that
postprandial triglyceride levels distin-
guished CHD risk better than fasting tri-
glyceride levels (34). The increased
atherogenic risk associated with post-
prandial triglyceride levels may be me-
diated by a prolonged endothelial
exposure to oxidative stress. In this sit-
uation, fenofibrate therapy may be par-
ticularly beneficial in ameliorating
endothelial dysfunction and the athero-
genicity of postprandial hypertriglycer-
idemia. The reductions in postprandial
levels of VCAM-1 and ICAM-1 in feno-
fibrate-treated subjects are consistent
with this hypothesis.

Associations between postprandial
triglycerides and lipid peroxides have
been described previously (31). No
changes in fasting lipid peroxides were
seen in 20 patients with type 2 diabetes
randomly assigned to ciprofibrate or pla-
cebo. Fibrate therapy resulted in a 31%
reduction in postprandial lipid peroxides.
Fasting lipid peroxides did not correlate
with VLDL, LDL, or HDL subfractions
separated by density-gradient ultracen-
trifugation; however, postprandial lipid
peroxides were strongly correlated with
VLDL triglycerides (r � 0.53, P � 0.03).
In another study, hypertriglyceridemic
and type 2 diabetic subjects administered
a high-fat meal (53.4 g fat) recorded in-
creased oxidant stress, as measured by
2-h phorbol myristic acid–activated leu-
kocyte superoxide anion production
(4.09 � 0.93 to 5.49 � 1.19 nmol � 106

cells�1 � min�1) (30). The increased pro-
duction of superoxide anion correlated
with postprandial triglyceride levels (r �
0.798, P � 0.001).

Although improved insulin sensitiv-
ity would be expected to reduce fatty acid
oxidation and potentially diminish activa-
tion of inflammatory pathways (35), there
were no baseline or on-trial group differ-
ences in fasting glucose levels or body
weight in our study. The data from our
study support our hypothesis concerning
involvement of fatty acid oxidation in in-
flammatory gene activation.

Fenofibrate (267 mg daily) was previ-
ously shown to reduce oxLDL by 30.4%
(P � 0.001) in subjects with impaired
fasting glucose (11). In the current study,
oxLDL levels were reduced by 14.3% in
fenofibrate-treated subjects; however, the
magnitude of change in OH-FAs was
larger as the fatty acid content is higher on
VLDL than on LDL particles. We used an
oxLDL method that recognizes antigenic
determinants on apoB, whereas OH-FA
measures oxidized phospholipids present
on multiple lipoprotein particles. These
data suggest that the higher fatty acid–
containing large VLDL particles contrib-
ute to increased oxidative stress in
subjects with metabolic syndrome (6).

Statin therapy reduces fasting and
postprandial concentrations of triglycer-
ide-rich lipoproteins (36,37); however, to
our knowledge there are no studies dem-
onstrating that stains reduce postprandial
inflammatory markers. Our study pro-
vides some of the first data demonstrating
this potential benefit with lipid-altering
drugs.

The fenofibrate-mediated changes in
lipoprotein and anti-inflammatory mark-
ers would be expected to reduce athero-
sclerosis and cardiovascular events. In the
Fenofibrate Intervention and Event Low-
ering in Diabetes (FIELD) study (38), fe-
nofibra te therapy resu l t ed in a
nonsignificant reduction in CHD death or
nonfatal myocardial infarction; however,
these results were confounded by large
group differences in nonstudy lipid-
lowering therapy (39). In contrast with
our study, the FIELD study included pa-
tients with lower baseline fasting triglyc-
erides (median 1.73 [IRQ 1.34–2.30] vs.
2.94 [2.21–3.90] mmol/l) and higher
baseline HDL cholesterol levels (mean �
SD 1.10 � 0.26 mmol/l vs. 0.84 [0.66–
0.99] mmol/l). It has been demonstrated
previously that baseline triglyceride levels
influence the efficacy of fibrate therapy on
reduction of cardiovascular events
(40,41). In our study, fasting and post-
prandial triglyceride levels that were pre-
dominately carried in large VLDL
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particles were most highly correlated with
inflammatory markers.

In summary, therapy with fenofibrate
was accompanied by marked reductions in
fasting and postprandial concentrations of
large- and medium-sized VLDL and total
VLDL particles. Although fenofibrate ther-
apy did not lower fasting or postprandial
LDL cholesterol levels, substantial reduc-
tions were seen in LDL particles. The greater
reduction in total LDL particles compared
with that in LDL cholesterol resulted from
reductions in fasting and postprandial small
LDL particle levels. The effect of fenofibrate
therapy on VLDL and LDL subclasses, in
addition to reduced oxidative stress and in-
flammatory response, represents an impor-
tant aspect of this agent in reducing
atherosclerotic risk in hypertriglyceridemic
patients with the metabolic syndrome.
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