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Fenofibrate Reduces Systemic Inflammation Markers
Independent of Its Effects on Lipid and Glucose
Metabolism in Patients with the Metabolic Syndrome
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University of Texas Health Science Center at San Antonio, San Antonio, Texas 78229-3900, and the
Audie L. Murphy Veterans Administration Medical Center (J.C., K.C.), San Antonio, Texas 78284

Context: Fenofibrate is a peroxisome proliferator-activated receptor « agonist widely used in
clinical practice, but its mechanism of action is incompletely understood.

Objective: The aim of the study was to assess whether improvement in subclinical inflammation or
glucose metabolism contributes to its antiatherogenic effects in insulin-resistant subjects with the
metabolic syndrome (MetS).

Design and Setting: We conducted a randomized, double-blind, placebo-controlled study in the
research unit at an academic center.

Patients: We studied 25 nondiabetic insulin-resistant MetS subjects.
Intervention(s): We administered fenofibrate (200 mg/d) and placebo for 12 wk.

Main Outcome Measures: Before and after treatment, we measured plasma lipids/apolipopro-
teins, inflammatory markers (high-sensitivity C-reactive protein, IL-6, intercellular adhesion mol-
ecule/vascular cell adhesion molecule), adipocytokines (adiponectin, TNFq, leptin), and insulin
secretion (oral glucose tolerance test). We also assessed adipose tissue, hepatic and peripheral
(muscle) insulin resistance fasting and during a euglycemic insulin clamp with H glucose and '4C
palmitate infusion combined with indirect calorimetry.

Results: Subjects displayed severe insulin resistance and systemic inflammation. Fenofibrate sig-
nificantly reduced plasma triglyceride, apolipoprotein (apo) Cll, apo Clll, and apo E (all P < 0.01),
with a modest increase in high-density lipoprotein-cholesterol (+12%; P = 0.06). Fenofibrate
markedly decreased plasma high-sensitivity C-reactive protein by 49.5 = 8% (P = 0.005) and IL-6
by 29.8 = 7% (P = 0.03) vs. placebo. However, neither insulin secretion nor adipose tissue, hepatic
or muscle insulin sensitivity or glucose/lipid oxidation improved with treatment. Adiponectin and
TNF-a levels were also unchanged. Improvement in plasma markers of vascular/systemic inflam-
mation was dissociated from changes in triglyceride/high-density lipoprotein-cholesterol, apo ClI/
Clll, or free fatty acid concentrations or insulin secretion/insulin sensitivity.

Conclusions: In subjects with the MetS, fenofibrate reduces systemicinflammation independent of
improvements in lipoprotein metabolism and without changing insulin sensitivity. This suggests a
direct peroxisome proliferator-activated receptor a-mediated effect of fenofibrate on inflamma-
tory pathways, which may be important for the prevention of CVD in high-risk patients. (J Clin
Endocrinol Metab 95: 829-836, 2010)

197 Abbreviations: CRP, C-Reactive protein; CV, cardiovascular; CVD, CV disease; DXA, dual-
energy x-ray absorptiometry; EGP, endogenous glucose production; FFA, free fatty acid;
HDL, high-density lipoprotein; HDL-C, HDL-cholesterol; hsCRP, high-sensitivity CRP; ICAM,

doi: 10.1210/jc.2009-1487 Received July 13, 2009. Accepted November 19, 2009. intercellular adhesion molecule; LBM, lean body mass; LDL, low-density lipoprotein; LDL-C,
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LDL-cholesterol; MetS, metabolic syndrome; NS, not significant; OGTT, oral glucose tolerance
test; PPAR, peroxisome proliferator-activated receptor; Rd, insulin-stimulated glucose uptake;
T2DM, type 2 diabetes mellitus; TG, triglyceride; VCAM, vascular cell adhesion molecule.
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nsulin resistance and subclinical inflammation are
I prominent features of patients with the metabolic syn-
drome (MetS) and may contribute significantly to their
increased cardiovascular risk (1, 2). The presence of insu-
lin resistance appears to identify subjects with the MetS
who are at the greatest risk of cardiovascular (CV) disease
(CVD). Clinical trials have demonstrated that fibrates are
effective for primary (3, 4) and secondary (5) prevention
of CVD. However, the precise mechanism for the reduc-
tion in cardiovascular events by fibric acid derivatives may
not be exclusively linked to lipid changes (6).

In the FIELD trial (4), fenofibrate reduced the primary
endpoint of coronary heart disease nonsignificantly by
11% (5.9% in placebo vs. 5.2% with fenofibrate; P =
0.16), perhaps due to the overall low coronary heart dis-
ease event rate and the much higher use of statins in the
placebo arm. In contrast, a number of secondary macro-
vascular endpoints were improved by fenofibrate treat-
ment, including total CVD events (—11%; P = 0.035),
nonfatal myocardial infarction (—24%; P = 0.01), coro-
nary revascularizations (—21%; P = 0.03), angina
(—21%; P = 0.04), and amputations (—38%; P = 0.01).
These positive results occurred although the effects on
plasma triglyceride (TG), low-density lipoprotein (LDL)-
cholesterol (LDL-C), and high-density lipoprotein (HDL)-
cholesterol (HDL-C) concentration were rather modest.
In the VA-HIT study (5), only 26 % of the CV risk reduc-
tion attributable to gemfibrozil could be explained by
changes in plasma lipids. The observation of larger ben-
efits in fibrate trials in patients with elevated TG and/or
low HDL-C (5, 7), characteristic of MetS patients with
underlying insulin resistance and systemic inflammation,
opens the intriguing possibility that improvement in CV
outcomes could be related to effects beyond lipid metab-
olism, such as a reduction in insulin resistance and/or ame-
lioration of subclinical inflammation.

Studies in patients with the MetS or type 2 diabetes
mellitus (T2DM) have met mixed results on whether fi-
brates may improve insulin sensitivity, with some (8-10),
but not others (11-13), showing an improvement in insulin
action. Insulin resistance in the MetS is also frequently asso-
ciated with an elevation of plasma high-sensitivity C-reac-
tive protein (hsCRP), IL-6, and other adipocytokines as
well as biomarkers of endothelial dysfunction. In partic-
ular, hsCRP has been reported to be a strong predictor for
the development of CVD and T2DM (14). Fibrates may
ameliorate systemic inflammation and improve vascular
reactivity (15-17), but as with investigations related to
insulin resistance and glucose metabolism, studies have
been generally small, uncontrolled and/or failed to care-
fully assess insulin sensitivity. Although the role in clinical
practice of hsCRP and other biomarkers of inflammation
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to identify and treat subjects at higher CV risk is currently
subject to intense debate (18, 19), understanding the im-
pact of fibrate therapy on subclinical inflammation has
potential clinical implications for the management of a
large number of patients with the MetS.

The aim of this study was to understand the mecha-
nism(s) by which fenofibrate may ameliorate cardiovas-
cular risk beyond its lipid-lowering properties in subjects
with the MetS. To this end, we assessed its impact on
lipoprotein metabolism in relation to its effects on sub-
clinical inflammation and insulin sensitivity at the level of
the liver, skeletal muscle, and adipose tissue.

Subjects and Methods

Subjects

Twenty-five healthy nondiabetic subjects with the MetS (as
defined by the National Cholesterol Education Program Adult
Treatment Panel IIT) participated in the study. Four subjects in
the fenofibrate arm and two in the placebo arm had impaired
glucose tolerance, whereas all other participants had normal glu-
cose tolerance based on an oral glucose tolerance test (OGTT)
performed on the initial visit. Patients were not allowed to par-
ticipate if they were on any medication that altered glucose/lipid
metabolism. Body weight was stable for at least 3 months before
and throughout the study. Each subject gave written informed
consent. The study was approved by the University of Texas
Health Science Center at San Antonio Institutional Review
Board.

Study design

Subjects who qualified participated in a 4-wk run-in and were
given placebo tablets. Compliance was assessed by pill count on
follow-up visits. A research dietician educated them on a euca-
loric diet. During the run-in, the following measurements were
performed at the research unit: 1) total body fat [dual-energy
x-ray absorptiometry (DXA)]; 2) markers of systemic/vascular
inflammation: hsCRP, IL-6, human soluble vascular cell adhe-
sion molecule-1 (VCAM-1)/intercellular adhesion molecule-1
(ICAM-1), and adipocytokines (plasma adiponectin, leptin, and
TNF-a); 3) plasma lipid/apolipoprotein concentrations; 4) insu-
lin secretion [OGTT with samples every 30 min for plasma glu-
cose/insulin/free fatty acid (FFA) levels]; and 5) insulin sensitivity
(euglycemic insulin clamp with *H glucose and '*C palmitate
infusion and indirect calorimetry).

After baseline metabolic measurements, volunteers were ran-
domized in a double-blind fashion to receive either fenofibrate
(200 mg Tricor; Abbott Laboratories, Abbott Park, IL) or pla-
cebo once daily in a computer-generated 2:1 randomization.
Volunteers were seen every 2 wk for potential adverse events and
medication compliance (being =90% in all patients). All mea-
surements were repeated after 12 wk of treatment.

Euglycemic insulin clamp

At 0700 h, a primed (25 uCi/min X fasting plasma glucose/
100)-continuous (0.25 wCi/min) infusion of 3->H glucose was
started and continued throughout the study to measure glucose
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turnover. A second catheter was inserted retrogradely into a vein
on the dorsum of the hand (placed in a thermoregulated box at
65 C) for collection of arterialized blood samples. After a 2-h
isotopic equilibration period, a 2-h euglycemic insulin clamp (80
mU/m? + min) was initiated, and the plasma glucose was main-
tained constant by the adjustment of a 20% dextrose infusion as
previously described by our group. Indirect calorimetry was used
to measure glucose/lipid oxidation. Blood was obtained every
10—15 min for plasma insulin, FFA, and *H glucose and '*C
palmitate radioactivity.

Analytical determinations

Plasma glucose concentration was determined by the glucose
oxidase method (Beckman Glucose Analyzer II; Beckman Instru-
ments Inc., Fullerton, CA). Plasma insulin was measured by RIA,
and FFA by standard colorimetric methods. Plasma glucose ra-
dioactivity was determined on barium hydroxide/zinc sulfate-
precipitated plasma extracts. Plasma hsCRP was measured by
RIA (LipoScience, Raleigh, NC); IL-6, VCAM-1/ICAM-1, and
TNF-a by ELISA (R&D Systems, Minneapolis, MN); and adi-
ponectin by RIA (Linco Research Inc., St. Charles, MI). Apoli-
poprotein analysis was performed at Linco Research, Inc. Whole
body fat was measured by DXA (Hologic Inc., Waltham, MA).

Calculations

Endogenous glucose production (EGP) and
insulin-stimulated glucose disposal (Rd)

Both EGP and Rd were calculated as previously reported by
our group, as well as an index of hepatic insulin resistance esti-
mated as the product of the fasting EGP and fasting plasma
insulin concentration [EGP X fasting plasma insulin (mg/kgLBM
(lean body mass) ™" » min~! - wU/ml)] as previously described (20).

Statistical analysis

All values represent the mean * SE. Normality was checked
before any analysis, and we applied a zero-skew log transfor-
mation to normalize positively skewed measures before analysis.
Differences between basal and insulin clamp periods and be-
tween groups were tested by two-way ANOVA for repeated
measures. An analysis of covariance model was used to evaluate
treatment difference before/after treatment change on the lipid,
apolipoprotein, hsCRP, IL-6, and soluble adhesion molecule
concentrations. The pretreatment value was used as a covariate
in these analyses. Because the percentage change values are also
fairly skewed and prone to outliers, Spearman rank order cor-
relations were used between hsCRP and all lipid measures. Ro-
bust linear regression was used to compute fitted values (with
95% prediction intervals) for each lipid measure (21). Robust
regression uses an iteratively reweighted least-squares algo-
rithm that assigns weights to each observation based on residu-
als. The larger the residual, the smaller the weight assigned for
an observation at each iteration. Descriptive statistics, ¢ tests
on baseline differences, and repeated measures ANOVA re-
sults were calculated using JMP for Windows, version 5.0
(SAS Institute Inc., Cary, NC). Stata 10.1 was used to compute
the analysis of covariance and robust regression models (Stata
Corp., College Station, TX).
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Results

Three subjects did not complete the study: two were
terminated due to adverse reactions potentially related
to fenofibrate use (one with >2.5-fold elevation in liver
transaminases, and another with a mild allergic skin
reaction in hands), whereas one subject in the placebo
arm dropped out soon after randomization for personal
reasons. Detailed questionnaires on diet and physical
activity were performed by our research dietician and
study staff during the entire study (because changes
could alter glucose/lipid metabolism or markers of sys-
temic inflammation), and we observed no changes in
any subject.

Baseline clinical characteristics (Table 1)

As shown in Table 1, the fenofibrate and placebo
groups were well matched for all clinical variables. Plasma
TG showed a trend to be higher in the fenofibrate group
but was not statistically significant (P = 0.13). Subjects
with the MetS had severe insulin resistance at the level of
liver, adipose tissue, and muscle (see Effect of fenofibrate
on liver and muscle insulin resistance). In the fasting state,
MetS patients exhibited severe hepatic insulin resistance
compared with non-obese healthy controls (hepatic insulin re-
sistance index, 25 + 3 vs. 14 + 3mgkgLBM ' - min~ ! - nU/
ml; P < 0.001). Peripheral (muscle) insulin resistance was
also evident because insulin-stimulated glucose disposal
(Rd) during the insulin clamp was 40% lower in obese
MetS patients compared with controls (P < 0.001). Mark-
ers of systemic inflammation and adipocytokines were sig-
nificantly higher in obese insulin-resistant subjects with
the MetS compared with controls (all P < 0.001). Non-
obese healthy controls had a fasting plasma FFA level
that was ~35% lower vs. MetS patients, consistent with
a much larger suppression of plasma FFA during the
euglycemic insulin clamp (lean controls vs. MetS pa-
tients, —87 = 3 vs. —68 * 6%; P < 0.001), indicating
severe adipose insulin resistance in obese subjects with
the MetS.

Effect of fenofibrate on lipid and apolipoprotein
concentrations (Table 2)

Placebo led to no significant changes in plasma lipid
levels. In contrast, fenofibrate decreased plasma TG by
60 *= 3% (P < 0.001). Fenofibrate significantly decreased
plasma apolipoproteins CIII and CII, leaving the ratio un-
changed (CIII/CII = 2.9 before and after treatment). This
was associated with a trend toward an increase in plasma
HDL-C (+12%; P = 0.06) and a reduction in non-HDL-C
(—11%; P = 0.07).
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TABLE 1. Baseline clinical and laboratorial characteristics

Treatment group

Fenofibrate Placebo Controls
n (males/females) 16 (11/5) 9 (6/3) 15 (9/6)
Age (yr) 46 * 2 46 + 3 34 + 4
Ethnicity (Caucasian/Hispanic/African-American/Asian) 8/6/1/1 5/3/1/0 5/10/0/0
Body mass index (kg/m?) 316 =1 31.5+1 282 +1°
Total body fat (%)? 29 =2 30 £2 26.8 + 1°
Fasting plasma glucose (mg/dl) 102 =2 105 £ 2 88 + 2°
2-h glucose OGTT (mg/dl) 142 + 10 142 = 10 92 +5°
Alc (%) 52 % 5.1 0.1 5.0+ 0.1°
Fasting plasma insulin (uU/ml) 9 + 1 12 %3 7 +1°
Hepatic glucose production (mg/kgLBM~" - min~") 26 =01 2.6 = 0.1 2.1+02°
Hepatic insulin resistance index (mg/kgLBM ™"« min™" - uwU/ml) 23+3 29+6 14 = 3P
Insulin-stimulated glucose disposal (mg/kgLBM ™"+ min™" + wU/ml) 52+04 48 +0.5 8.1+0.3
Adipose tissue insulin resistance index (mmol/liter - wU/ml) 7.7 23 126 £ 2.7 36=*1°
TG (mg/dl) 500 + 71 343 + 42 87 + 15
Total cholesterol (mg/dl) 228 =18 219 = 11 158 + 10°
HDL-C (mg/dl) 34+ 2 34+3 49 + 2b
LDL-C (mg/dl) 109 + 14 117 =10 94 + 9b
FFA (wmol/liter) 700 + 48 744 = 59 482 + 55°
hsCRP (mgl/liter) 6.5*+15 4912 1.4+ 1.8°
IL-6 (pg/ml) 22+03 21+03 1.7 £ 0.1°
ICAM (ng/ml) 237 £ 12 250 * 21 190 + 13°
VCAM (ng/ml) 410 £ 15 405 = 31 377 =19
Adiponectin (ng/ml) 5.1=+07 48 +0.9 15 = 3b
TNF-a (pg/ml) 33*08 45+ 16 1.3 +0.2°

Data are expressed as mean = st. Alc, Glycosylated hemoglobin Alc.
@ Total body fat (%) measured by DXA.
b p < 0.001 between control and fenofibrate or placebo group.

Effect of fenofibrate on plasma hsCRP, IL-6,
soluble adhesion molecule, and adipocytokine
concentrations

Fenofibrate significantly reduced subclinical inflam-
mation as represented by a 45 = 11% decrease in hsCRP
from baseline (6.5 * 1.5 vs. 3.6 = 0.9 mg/liter; P < 0.01)
and 49.5% wvs. placebo, which was overall unchanged
(from4.9 = 1.2 t0 5.5 * 1.4 mg/liter; P = not significant;

P =0.005 vs. fenofibrate). Plasma IL-6 concentration was
also significantly reduced by 27 * 5% from baseline
(2.2 £ 0.3 vs. 1.4 = 0.2 pg/ml; P < 0.01) and 31.8% wvs.
placebo, which slightly increased from 2.0 + 0.3 to 2.2 =
0.4 pg/ml (P = 0.03 vs. fenofibrate), suggesting a benefi-
cial effect of fenofibrate to ameliorate subclinical systemic
inflammation. Plasma ICAM was reduced 5 = 2% com-
pared with baseline (P = 0.05), but this did not reach

TABLE 2. Effect of fenofibrate on plasma lipid and lipoprotein concentrations

Plasma lipid Fenofibrate Placebo Fenofibrate
concentrations  Pretreatment Posttreatment P Pretreatment  Posttreatment P vs. placebo?
TG (mg/dl) 500 = 71 207 = 24 <0.001 343 + 42 310 £ 44 0.12 <0.001
Total cholesterol 228 =18 211 £ 16 0.11 219 = 11 215+ 14 0.71 0.54

(mgrdl)

HDL-C (mg/dl) 33x2 36 =2 0.06 34 +£3 32*3 0.07 0.06
LDL-C (mg/dl) 114 £ 16 122 £ 18 0.17 1M5%7 120 = 6 0.44 0.92
Non-HDL-C 194 + 18 175 = 15 0.07 185 + 12 183 + 13 0.86 0.27

(mgrdl)
apo Al (ug/ml) 2194 = 211 2755 = 403 0.1 1731 = 230 1672 =127 0.82 0.25
apo All (ng/ml) 690 = 74 931 = 109 0.03 549 + 99 573 £ 77 0.82 0.28
apo B (ng/ml) 1847 *+ 366 1208 * 303 0.10 1638 + 648 1621 = 553 0.97 0.25
apo CllII (ug/ml) 527 =58 334 = 37 <0.001 355 + 41 374 = 34 0.72 0.004
apo ClII/ClI ratio 2.9 2.9 0.94 24 2.6 0.69 0.59

All data are presented in milligrams per deciliter and as mean = se. apo, Apolipoprotein.

2 Comparison between groups for the effect of treatment (change from baseline).
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statistical significance vs. placebo (P = 0.19), whereas
VCAM, adiponectin, leptin, and TNFa were unchanged.
Placebo had no effect on any of these parameters.

Effect of fenofibrate on liver and skeletal muscle
insulin resistance and adipose tissue lipolysis in
patients with the MetS

Effect of fenofibrate on adipose tissue insulin
resistance

Compared with baseline, neither placebo nor fenofi-
brate treatment altered glycemic control (i.e. glycosylated
hemoglobin A, ) or the plasma glucose/insulin concentra-
tion either fasting or during the OGTT. The fasting plasma
FFA concentration was similar before treatment in both
groups [fenofibrate vs. placebo, 700 = 48 vs. 744 £ 59
wmol/liter; P = not significant (NS)]; it decreased signif-
icantly to 464 * 35 umol/liter only in the fenofibrate
group (P = 0.002), but not in the subjects that received
placebo (to 648 = 56 wmol/liter; P = NS). However,
plasma FFA concentrations during the OGTT followed
the same suppression curve compared with pretreatment,
indicating unchanged postprandial suppression of lipoly-
sis (i.e. adipose tissue insulin resistance) in obese subjects
after fenofibrate treatment. Consistent with a lack of effect
of fenofibrate on adipose tissue, insulin suppression of
plasma FFA levels during the euglycemic insulin clamp
was unchanged by fenofibrate or placebo (before vs. after:
fenofibrate, =68 * 4 vs. =67 = 5%; and placebo, —68 =
6 vs. =72 = 7% of the basal values, respectively; P = NS).
FFA turnover (measured by the infusion of '*C palmitate)
and glucose/lipid oxidation (indirect calorimetry) were
unchanged (data not shown), as well as plasma adiponec-
tin concentration (5.1 = 0.7 vs. 4.8 = 0.6 ng/ml; P = NS),
an indicator of dysfunctional insulin-resistant fat, which
was approximately one-third of that of healthy controls,
as shown in Table 1.

Effect of fenofibrate on hepatic insulin resistance

Fenofibrate did not elicit an improvement in hepatic
insulin sensitivity, as the fasting plasma insulin and EGP
were unchanged (2.6 £ 0.1vs.2.7 = 0.1 mg - kg lean body
mass_ ! -min~'; P = 0.60). Because the rate of EGP is a
major determinant of the fasting plasma glucose, it was
not unexpected that the fasting plasma glucose was also
unchanged by treatment (98 * 2 vs. 98 = 2 mg/dl). During
the last hour of the insulin infusion period, EGP was more
than 90% suppressed in both groups before and after
treatment (data not shown).

Effect of fenofibrate on muscle insulin resistance
During the clamp studies, the insulin increase above
baseline was similar between groups before vs. after treat-
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ment (fenofibrate, +122 * 12 vs. +131 = 14 wU/ml;
placebo, +119 = 9 vs. +123 * 12 uU/ml; for both, P =
NS). Insulin sensitivity (Rd) did not improve significantly
after 12 wk of fenofibrate treatment (5.2 = 0.4 vs. 5.8 =
0.5 mg - kg lean body mass™' - min~'; P = 0.11).

Correlations

Given the large impact of fenofibrate on plasma lipid/
apolipoprotein levels, we examined whether changes in
inflammatory markers (i.e. hsCRP, IL-6) could be attrib-
utable to these lipid improvements. However, none of the
lipid variables examined correlated significantly with the
large reduction in hsCRP and IL-6. There was no relation
between the marked reduction in plasma hsCRP by feno-
fibrate and change in LDL-C (r = 0.02), HDL-C (r =
—0.22), TG (r = 0.06), or FFA (r = 0.31). A similar lack
of correlation was found for these lipid parameters and
reduction in plasma IL-6 concentration. There was a sig-
nificant although modest correlation between plasma
hsCRP and IL-6 (r = 0.36; P = 0.05).

Discussion

Although previous work in the field has focused on the
lipid improvements associated with fenofibrate use, this
study examined the impact of peroxisome proliferator-
activated receptor (PPAR)-a activation in relation to
plasma biomarkers of subclinical inflammation and liver/
muscle/adipose tissue insulin sensitivity and insulin secre-
tion using gold standard metabolism techniques. Fenofi-
brate markedly reduced plasma hsCRP (~50%) and IL-6
(~30%) levels (Fig. 1) in the absence of a significant
change in insulin secretion or insulin action, and having no
correlation with changes in lipid or plasma FFA/adipose
tissue insulin sensitivity. Taken together, these data sug-

hsCRP IL-6

P=0.03

P=0.005
27+ 5%

11 Placebo

* 11 Fenofibrate

Change From Pre-Treatment, %

-45.0%
-50

FIG. 1. Plasma hsCRP and IL-6 in patients with the MetS before and
after 12 wk of treatment with fenofibrate or placebo. Fenofibrate
significantly reduced plasma hsCRP (—49.5%; P = 0.005) and IL-6
(—31.8%; P = 0.03) compared to placebo after 12 wk of treatment in
patients with the MetS.
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gest that the reduction of these biomarkers was a direct
effect of fenofibrate on inflammatory pathways and not an
indirect effect from an improvement in lipid or glucose
metabolism.

In rodents, fenofibrate has been reported to improve
liver and muscle insulin sensitivity (22, 23). In humans,
data are limited to small, uncontrolled trials (8§ -10, 24) or
large, long-term clinical trials in which the glucose-low-
ering medication is being changed over time (3, 4, 25),
both types of studies limiting our ability to gain insights on
the issue. Of note, no previous study has used insulin
clamp studies with tracer turnover measurements and in-
direct calorimetry to examine liver/muscle insulin action
during fenofibrate therapy in patients with the MetS.
However, comparable (negative) results were reported by
Abbasi et al. (13) measuring insulin action by a modified
version of the insulin suppression test. Lack of a significant
change in muscle insulin sensitivity, as in the present study,
is also in agreement with previous insulin clamp studies
with gemfibrozil (11) and with fenofibrate (12) in subjects
with T2DM. Hepatic insulin sensitivity was also unal-
tered. This highlights a significant species difference be-
tween humans and rodents. In the latter, PPAR« agonism
has profound effects on hepatic glucose and lipid metab-
olism, enhancing hepatic insulin sensitivity, FFA oxida-
tion, and resolution of hepatic steatosis (22, 26). The sig-
nificant lipoprotein improvement in the face of a lack of
change in hepatic insulin resistance indicates that PPAR«
activation plays a minor role, if any, in determining the
rate of hepatic glucose production in humans.

Although liver fat content was not examined, the lack
of changes in hepatic transaminases is consistent with min-
imal changes reported in large controlled trials (4) and
likely reflects a lack of efficacy of fibrates to reverse ste-
atosis in humans. Two recent preliminary reports showed
a lack of effect of fenofibrate to alter hepatic steatosis
measured either by magnetic resonance imaging and spec-
troscopy (27) or by liver biopsy (28), consistent with the
view that fibrates do not have a significant impact in non-
alcoholic fatty liver disease in humans. This failure may be
due in part to the fewer PPAR« receptors and/or lower
plasma fibrate concentrations during treatment in hu-
mans. It may also reflect the inability of fenofibrate to
refrain FFA flux from dysfunctional adipose tissue be-
cause insulin induced suppression of plasma FFA during
the OGTT, insulin sensitivity studies were unaffected by
fenofibrate, and FFA turnover was also unchanged. Adi-
ponectin and leptin levels, both hormones that originate
in adipose tissue, were also abnormal and did not im-
prove with treatment. Taken together, they are a frank
contrast to the hepatic and adipose tissue-sensitizing

Effect of Fenofibrate in the Metabolic Syndrome
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effects of PPARy agonists we have previously reported
in humans (20).

Fenofibrate reduced the fasting plasma FFA concentra-
tion by 34%, a finding reported previously in obese sub-
jects (10, 16). However, there was no improvement in FFA
turnover or insulin suppression of plasma FFA, consistent
with a previous report (29). Reductions in plasma FFA
have typically been observed when plasma TG levels are
markedly increased (>300 mg/dl), as in this study. Given
the approximately 60% decrease in plasma TG concen-
tration, we speculate that the reduction of plasma FFA
during fenofibrate administration is not due to enhanced
adipose tissue insulin sensitivity, but rather is secondary to
a decrease in the plasma FFA “spillover” from peripheral
intravascular clearance of TG in very low-density lipopro-
teins. This has been demonstrated experimentally in obese
subjects when plasma TG-rich lipoproteins are increased
experimentally by the infusion of a lipid emulsion (30).
The decrease in plasma FFA by fenofibrate is in contrast to
the effects of niacin that are characterized by a rebound in
plasma FFA concentration between doses that may exac-
erbate hepatic/skeletal muscle insulin resistance (31) and
promote glucose intolerance, depending on the dose of
nicotinic acid and the degree of B-cell reserve in subjects
with MetS and impaired glucose tolerance or T2DM. Fe-
nofibrate did not alter insulin secretion or glucose toler-
ance in the present study. From a clinical perspective, the
neutral effect of fenofibrate on insulin sensitivity is reas-
suring regarding its use in patients with the MetS.

Our study confirms that subjects with the MetS display
a profile of marked systemic inflammation, abnormal li-
poprotein metabolism, and severe insulin resistance (2).
The reduction of hsCRP and IL-6 may have significant
clinical implications. The use of hsCRP as a biomarker of
vascular inflammation and cardiovascular risk is now
gaining momentum (18), although its exact place in clin-
ical practice remains controversial (19). C-reactive protein
(CRP) not only is a biomarker of subclinical inflammation
but also may directly promote endothelial activation/dys-
function, cause smooth muscle cell proliferation and neo-
intimal damage, and alter monocyte/macrophage and ma-
trix metalloproteinase function (32). This effect has been
linked, at least in part, to the up-regulation of angiotensin
IT type 1 receptors, the major target of angiotensin II, a
well-known proinflammatory peptide. Fenofibrate antag-
onizes in vitro and in vivo the deleterious effects of CRP to
induce activation of human aortic smooth muscle cells
(15). CRP is an acute-phase response protein synthesized
primarily by the liver in response to adipocytokines such
as IL-6 and TNFa. Such an effect of fenofibrate on CRP is
also in agreement with another recent report in subjects
with the MetS (17). Whether fenofibrate reduced hsCRP
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by a direct effect on the liver, on the vascular bed, or by other
mechanisms remains unclear. Of note, IL-6 drives hepatic
CRP production, and the lower plasma hsCRP levels could
have been secondary to a PPARa-induced reduction in IL-6
production (Fig. 1), although the correlation between CRP
and IL-6 was modest. A decrease of IL-6 (which may origi-
nate T and B cells, endothelial cells, adipocytes, and skeletal
muscle), and to a lesser extent of ICAM (largely from acti-
vated endothelial cells) plasma concentrations, suggests that
fenofibrate may reduce systemic inflammation by actions on
multiple tissues. PPAR« receptors are abundant in the vas-
cular bed, and recent studies in humans have reported that
fenofibrate may improve endothelial function and vascular
reactivity as well as reduce plasma levels of ICAM/VCAMs
(16, 33, 34), consistent with a modest reduction in [ICAM in
our fenofibrate-treated subjects.

In summary, the current study demonstrates that in
patients with the MetS, the antiinflammatory action of
fenofibrate is not dependent on changes in plasma glucose,
insulin, FFA, or lipoprotein concentrations. Although the
clinical implications remain to be fully understood in the
context of our evolving view of the role of subclinical
inflammation in CVD, we believe that this work expands
our horizons on the complexity of PPAR« signaling and
the role of fibrates in human disease.
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