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Abstract:

The aim of this study was to compare the action of fenofibrate on monocyte cytokine release between patients with isolated mixed

dyslipidemia and dyslipidemia coexisting with prediabetic states in relationship with its metabolic actions. We compared 96 primary

mixed dyslipidemic patients and 29 age-, sex- and weight-matched control subjects with normal lipid profile. Depending on glucose

metabolism, dyslipidemic patients were allocated into one of three treatment groups: isolated dyslipidemia, dyslipidemia coexisting

with impaired fasting glucose (IFG) and dyslipidemia coexisting with impaired glucose tolerance (IGT). Lipid profile, fasting and

2-h post-glucose load plasma glucose levels, HOMA and monocyte release of interleukin-1� and MCP-1 were assessed at baseline

and after 30 and 90 days of micronized fenofibrate treatment (267 mg/daily). Compared to monocytes from control subjects, mono-

cytes of dyslipidemic patients released a greater amounts of interleukin-1� and MCP-1. MCP-1 release was higher in the IFG group

than in the remaining groups of dyslipidemic patients. In all groups of dyslipidemic patients, micronized fenofibrate reduced mono-

cyte release of interleukin-1� and MCP-1, and this effect was stronger in prediabetic subjects. Fenofibrate treatment also decreased

HOMA in IFG and IGT patients, fasting plasma glucose in IFG subjects and 2-h post-glucose load plasma glucose in IGT patients.

The observed differences between the studied groups regarding fenofibrate action on glucose homeostasis and cytokine release sug-

gest that fibrate therapy may bring particular benefits to persons with metabolic syndrome.
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Introduction

Several recent large clinical studies have shown that

peroxisome proliferator-activated receptor (PPAR)�

activators (fibrates) are effective agents in the preven-

tion and treatment of cardiovascular disorders [15,

23]. Their clinical effectiveness seems to result not

only from lowering lipid levels but also from some

other, so-called pleiotropic, actions. These effects in-

clude anti-inflammatory, antioxidant and antithrom-

botic properties as well as an improvement in endo-

thelial adipose tissue function [2, 9, 16]. Results from

our [17, 18, 20, 21] and other [24] studies have shown

that one of the targets for pleiotropic actions of fi-

brates is the secretory function of human inflamma-
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tory cells, particularly monocytes. This finding seems

to be clinically relevant because both monocytes and

monocyte-derived macrophages play a pivotal role in

the development and progression of atherosclerosis,

commonly regarded as a chronic inflammatory disor-

der [7, 13].

Recently, a lot of attention has been given to the

early stages of glucose metabolism abnormalities. It

has been shown that both impaired fasting glucose

(IFG) and impaired glucose tolerance (IGT) are asso-

ciated with an increased risk of the development of

overt diabetes and cardiovascular disorders [22, 27].

Some data indicate that people with IGT and normal

levels of fasting plasma glucose have a greater risk of

cardiovascular disorders than those with IFG [27].

Therefore, although classified together as prediabetes,

there seem to be some prognostic differences between

these states.

Lipid and glucose metabolism disturbances very

often occur together and, besides hypertension and

obesity, constitute the core symptoms of metabolic

syndrome, the presence of which is characterized by

a very high risk of cardiovascular and cerebrovascular

complications and diabetes [6, 12]. Although dyslipi-

demia in this syndrome may be effectively treated

with PPAR� activators, it remains unclear whether

these agents affect the remaining components of this

syndrome [4].

Recently, we found that monocyte secretion of tu-

mor necrosis factor � (TNF�), interleukin-1�, inter-

leukin-6 and MCP-1 is increased in normolipidemic

IGT patients and that these changes as well as increased

plasma glucose levels were alleviated by a 30-day

fenofibrate treatment [19]. This suggests that the pres-

ence of prediabetes in patients with dyslipidemia may

disturb monocyte cytokine release in a greater degree

than the presence of only the latter and may modify

the pleiotropic effects of fibrates in mixed dyslipi-

demic patients. Therefore, we have considered it justi-

fiable to evaluate whether the simultaneous occur-

rence of either IFG or IGT determines the pattern of

proinflammatory cytokines release from activated hu-

man monocytes of dyslipidemic subjects. In this pro-

spective, comparative study, we also compared the ef-

fect of fenofibrate on the lipid profile, glucose me-

tabolism and monocyte cytokine release between

patients with isolated mixed dyslipidemia and patients

in whom mixed dyslipidemia coexists with prediabe-

tes. Of the many monocyte-derived factors, we elected

to measure interleukin-1� and MCP-1 levels, as acti-

vated monocytes and macrophages present in athero-

sclerotic plaque are a very rich source of these

cytokines. Both interleukin-1� and MCP-1 occur in

the majority of atherosclerotic plaques and exhibit

a complex proatherogenic action, and our department

has long-term experience in measuring these factors

[3, 5, 14, 26]. Fenofibrate was administered in a mi-

cronized form, which is more effective and conven-

ient than its immediate-acting form [10].

Materials and Methods

Patients

The study included 96 patients with recently diag-

nosed and previously untreated mixed dyslipidemia

(plasma total cholesterol > 200 mg/dl, LDL choles-

terol > 135 mg/dl, triglycerides > 200 mg/dl), in whom

at least a 3-month dietary treatment was ineffective.

The exclusion criteria were as follows: (1) age < 35 or

> 65 yr; (2) isolated hypercholesterolemia or isolated

hypertriglyceridemia; (3) secondary dyslipidemia in

the course of diabetes mellitus, autoimmune disor-

ders, thyroid diseases, chronic pancreatitis, nephrotic

syndrome, liver and biliary tract diseases, obesity

(BMI > 30 kg/m2) or alcoholism; (4) any acute and

chronic inflammatory processes; (5) symptomatic

congestive heart failure; (6) unstable coronary artery

disease, myocardial infarction or stroke within 6 months

preceding the study; (7) moderate or severe arterial

hypertension (WHO/ISH grade 2 or 3); (8) impaired

renal or hepatic function; (9) malabsorption syn-

dromes; (10) malignancy within 5 years preceding the

study; (11) treatment with other hypolipemic drugs

within 3 months prior to the study; (12) concomitant

treatment with other drugs known either to affect

plasma glucose or lipid levels or to interact with fi-

brates; (13) concomitant treatment with drugs that may

affect inflammatory processes in the vascular wall

(including glucocorticosteroids, nonsteroid anti-inflam-

matory drugs, calcium channel blockers and angio-

tensin converting enzyme inhibitors) within 3 months

preceding the study; (14) ongoing hormonal replace-

ment therapy or oral contraception; and (15) poor pa-

tient’ compliance.
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Study design

The study was performed according to the Declara-

tion of Helsinki and was approved by the Bioethical

Committee of the Medical University of Silesia. All

participants provided written informed consent. Pa-

tients were on a standard lipid-lowering diet through-

out the study and for at least 3 months prior to begin-

ning of the study. On the day of randomization, the

participants were divided on the basis of baseline glu-

cose levels and the results of a 75-g oral glucose toler-

ance test (OGTT) into three treatment groups. The

first group included subjects with isolated mixed

dyslipidemia, the second group included patients with

mixed dyslipidemia coexisting with IFG, and the third

group included patients with mixed dyslipidemia and

IGT. Normal glucose tolerance was defined on the ba-

sis of the American Diabetes Association as fasting

plasma glucose level less than 100 mg/dl (5.6 mmol/l)

and a 2-h post-challenge glucose level less than

140 mg/dl (7.8 mmol/l). IFG was diagnosed when

fasting plasma glucose was at least 100 mg/dl

(5.6 mmol/l) but less than 126 mg/dl (7.0 mmol/l) and

2-h post-challenge glucose level less than 140 mg/dl

(7.8 mmol/l). IGT was defined as (1) fasting plasma

glucose less than 100 mg/dl (7.0 mmol/l), and (2)

plasma glucose concentration 2 h after a 75-g oral

glucose load at least 140 mg/dl (7.8 mmol/l) but less

than 200 mg/dl (11.1 mmol/l). All enrolled patients

were treated with micronized fenofibrate, which was

administered at the dose of 267 mg once daily for

90 days without any changes throughout the study.

Because hypolipemic therapy is of proven value, the

use of a placebo group was considered unethical.

Therefore, our control group included 29 age-, sex-

and weight-matched healthy subjects. The investiga-

tion of possible fenofibrate-induced side effects was

performed every two weeks. Compliance was as-

sessed during each visit by tablet counts and was con-

sidered satisfactory when the number of tablets taken

by a patient ranged from 90% to 110%.

Laboratory assays

Lipid profile, plasma insulin, OGTT and monocyte

production of interleukin-1� and MCP-1 were deter-

mined before and after 30 and 90 days of therapy. Ve-

nous blood samples were drawn from the antecubital

vein in a quiet, temperature-controlled room (24–25°C)

after the patients had been in a recumbent position for

at least 15 min. Samples were taken 12 h after the last

meal in constant daily hours (between 8.00 and 9.00

a.m.) to avoid circadian fluctuations of the parameters

studied, and collected into tubes containing sodium

citrate. The samples were immediately coded so that

the person performing the laboratory assay was blinded

to subject identity and study sequence. To minimize

analytical errors, all assays were carried out in dupli-

cate. Serum lipids (total cholesterol, LDL-cholesterol,

HDL-cholesterol, and triglycerides) were assessed by

a colorimetric method using commercial kits (bio-

Merieux, France). LDL levels were measured directly.

Plasma glucose concentrations were determined by

a glucose oxidase method (Beckman, Palo Alto, CA).

Plasma insulin was measured with a commercial ra-

dioimmunoassay kit (Linco Research Inc., St. Charles,

MO, USA) that does not cross-react with human

proinsulin. Fasting plasma glucose and insulin levels

were used to calculate the homeostatic model assess-

ment (HOMA) index [fasting serum glucose (mmol/l) ×

fasting insulin level (�U/ml)/22.5].

Cytokine release from blood monocytes was meas-

ured as previously described [17, 18, 20]. Initially,

PBMCs were separated by centrifugation in a histo-

paque (Sigma, St. Louis, MO, USA) density gradient.

Next, monocytes were isolated from PBMCs by nega-

tive immunomagnetic separation using Pan-T and

Pan-B Dynabeads (Dynal, Oslo, Norway). This proce-

dure allowed us to isolate inactive monocytes without

artificial uncontrolled stimulation. The isolated cells

were labeled with a monoclonal antibody (Daco,

Glostrup, Denmark) against the monocyte specific

positive antigen CD14. The procedure yielded a po-

pulation of 90% CD14-positive cells in the isolated

fraction. Monocytes were suspended in RPMI 1640

medium supplemented with 10% FCS (low in endo-

toxin) (Gibco, Grand Island, NY), 2 mM glutamine,

100 U/ml penicillin, 100 �g/ml streptomycin and

10 �g/ml fungizone (Gibco, Grand Island, NY). The

cells were counted in a Coulter counter (Coulter Elec-

tronics, Mijdrecht, The Netherlands), and the mono-

cyte concentration was adjusted to 1 × 106 cells/ml.

A constant number of monocytes (1 × 106 monocytes

per well) was placed in a plastic 24-well microtiter

plate (Becton-Dickinson, Franklin Lakes, NJ) and left

intact for 2 h to allow them to adhere. The medium

was then changed, and the cultures were incubated for

an additional 24 h. Incubations were performed in

triplicate at 37°C in a humidified atmosphere contain-

ing 5% CO2 in air. After 24-h incubation, the super-
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natant was carefully aspirated and frozen at –80°C un-

til it was assayed for basal interleukin-1� and MCP-1

release. The removed medium was then replaced with

medium supplemented with a submaximal dose of

lipopolysaccharide (Sigma, St. Louis, MO, USA) (1

�g/ml), and the cells were incubated under the condi-

tions mentioned for another 24 h (in a pilot study, we

observed that lipopolysaccharide-stimulated mono-

cytes secreted the same amounts of both cytokines in

the first and subsequent 24-h period of incubation and

that the effect of hypolipemic agents on cytokine re-

lease did not differ between both of these periods). At

the end of the incubation, the supernatant was again

collected and stored until determination of cytokine

release by activated monocytes could be determined.

Interleukin-1� and MCP-1 levels were estimated us-

ing commercial ELISA kits (R&D Systems, McKin-

ley Place N.E. Minneapolis, MN, USA) according to

the manufacturer’s instructions. The minimum detect-

able interleukin-1� and MCP-1 levels were 3.9 pg/ml

and 31.2 pg/ml, respectively. The intra- and interassay

coefficients of variation for the assessed cytokines

were 3.4% and 4.1% (interleukin-1�), and 4.0% and

4.8% (MCP-1). The concentration of endotoxin in cell

cultures (below 1 ng/ml, as determined by a timed gel

endotoxin kit assay (Sigma, St Louis, MO, USA)) did

not modify the activity of monocytes. The viability of

immunomagnetically isolated monocytes at the end of

the incubation period was > 98% as assessed by try-

pan blue exclusion.

Statistical analyses

Results are expressed as the means ± SD. Comparisons

between the groups were performed using one-way

ANOVA followed by the post-hoc Newman-Keuls

test (lipid profile, pre- and post-OGTT plasma glu-

cose) or the Kruskall-Wallis test followed by the

Mann-Whitney U test (interleukin-1� and MCP-1).

To compare pre-, inter- and post-therapy data within

the same treatment group, the Student’s paired t test

(lipid profile and plasma glucose) or the Wilcoxon

test (interleukin-1� and MCP-1) were applied. Corre-

lations were calculated with the Kendall Tau test;

p values less than 0.05 were regarded as statistically

significant. Statistical analyses were performed using

the GraphPad Prism 2.01 software (GPA-26576-117)

and Statistica 6.1 (axxp308a903804ar).

Results

Baseline characteristics of patients

The baseline characteristics of the included patients

are summarized in Table 1. There were no significant

differences in the age, sex and weight between the

study patients and the control subjects. All patient

groups were comparable with respect to medical

background, clinical characteristics and safety meas-

urements. At the beginning of the study, patients with

primary mixed dyslipidemia exhibited higher levels

of total and LDL-cholesterol, and triglycerides, and

lower levels of HDL-cholesterol than subjects without

lipid abnormalities, with no difference between the

treatment groups. Compared to control subjects and

subjects with isolated mixed dyslipidemia, dyslipi-

demic patients with IFG or IGT had an increased

HOMA index and baseline levels of fasting glucose.

The HOMA index was higher in IGT than in IFG pa-

tients, while fasting glucose levels were higher in the

IFG group of patients. Two-hour post-glucose load

plasma glucose levels in patients with IGT but not

with IFG exceeded those observed in control subjects.

Unstimulated monocytes released almost undetect-

able amounts of the cytokines studied. Compared to

monocytes from control subjects, lipopolysaccha-

ride-stimulated monocytes from all groups of mixed

dyslipidemic patients produced larger amounts of

both interleukin-1� and MCP-1. Baseline release of

interleukin-1� did not differ between patients with

isolated mixed dyslipidemia and patients with coex-

isting IFG or IGT. MCP-1 secretion by stimulated

monocytes was greater in IFG patients than in sub-

jects with isolated mixed dyslipidemia or IGT.

Adverse effects

No significant adverse effects were observed, and all

patients completed the study. All laboratory safety

measurements remained within normal limits.

Control subjects

In the patients belonging to the control group, the

lipid profile, HOMA index, fasting glucose and 2-h

post-glucose load plasma glucose and monocyte re-

lease of both interleukin-1� and MCP-1 remained at

the similar level throughout the study.
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Mixed dyslipidemic subjects

Lipid profile

As expected, fenofibrate significantly reduced total

cholesterol, LDL-cholesterol and triglycerides, and

increased HDL-cholesterol in all three groups of

dyslipidemic patients (Tab. 2).

Fasting glucose, 2-h post-glucose load plasma
glucose and HOMA index

In patients with isolated mixed dyslipidemia, no sig-

nificant changes in fasting glucose, 2-h post-glucose

load plasma glucose and in the HOMA index were ob-

served during or following fenofibrate treatment

(Fig. 1).

Fenofibrate administered to patients with mixed

dyslipidemia and IFG slightly reduced fasting plasma

glucose by 5.7% (p < 0.01) and by 5.5% (p < 0.01),

respectively, after 30 and 90 days of administration.

A thirty-day treatment with fenofibrate did not alter

the HOMA index, while 90 days of fenofibrate ad-

ministration decreased it by 15.9% (p < 0.01). After

90 days, both the fasting plasma glucose and HOMA

index in fenofibrate-treated patients remained at

higher levels compared to patients in the control

group (p < 0.001). Neither 30- nor 90-day treatment

with fenofibrate caused significant changes in post-

challenge plasma glucose levels.

In patients with mixed dyslipidemia and IGT,

fenofibrate treatment did not alter fasting plasma glu-

cose. However, the treatment significantly reduced

2-h post-challenge plasma glucose levels by 7.9% (p

< 0.01) and by 6.6% (p < 0.01) after 30 and 90 days of

fenofibrate administration. No changes in the HOMA

index were observed after 30 days of fenofibrate treat-

ment, although it was reduced by 17.2% (p < 0.01)

90 days after its administration. At the end of the

study, the values of 2-h post-challenge plasma glucose

levels and the HOMA index remained higher than

those observed in the control subjects (p < 0.001).
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Tab. 1. Baseline characteristics of patients

Control patients Isolated
mixed dyslipidemia

Mixed dyslipidemia
+ impaired fasting glucose

Mixed dyslipidemia
+ impaired glucose tolerance

Number of patients 29 32 32 32

Age (years) 54.5 ± 2.8 53.2 ± 3.5 54.0 ± 3.7 52.5 ± 3.9

Men/Women 15/14 16/16 16/16 17/15

Body mass index (kg/m�) 25.8 ± 2.0 27.3 ± 1.6 27.7 ± 1.8 27.5 ± 1.8

Waist circumference (cm) 94.8 ± 7.9 96.5 ± 4.6 97.5 ± 6.9 97.1 ± 6.4

Smokers (%) 24.1 25.0 28.1 21.9

Total cholesterol (mg/dl) 171.9 ± 5.6 277.3 ± 13.4*** 266.9 ± 13.1*** 282.4 ± 12.7***

LDL cholesterol (mg/dl) 111.5 ± 6.4 166.0 ± 13.2*** 157.1 ± 6.5*** 164.4 ± 10.6***

HDL cholesterol (mg/dl) 49.8 ± 3.0 40.8 ± 2.1* 42.0 ± 2.6* 40.9 ± 1.9*

Triglycerides (mg/dl) 120.2 ± 13.0 250.6 ± 14.1** 285.0 ± 20.5*** 261.3 ± 13.2***

Fasting glucose (mg/dl) 86.2 ± 2.4 87.0 ± 2.1 113.5 ± 1.2***������ 95.5 ± 1.0**��

2-h post-glucose load plasma glucose
(mg/dl)

120.0 ± 2.4 116.4 ± 2.1 125.1 ± 2.0 159.6 ± 3.1***���^^^

HOMA index 2.4 ± 0.1 2.6 ± 0.1 4.5 ± 0.2***��� 5.8 ± 0.3***���^^^

Intereukin-1� release (pg/ml) 76.4 ± 8.9 128.1 ± 6.1*** 137.9 ± 8.0*** 127.8 ± 8.0***

MCP-1 release (ng/ml) 14.6 ± 0.8 20.7 ± 1.5*** 25.1 ± 2.3***���� 20.4 ± 1.5***

Data represent the means ± SD. * p < 0.05, ** p < 0.01, *** p < 0.001 vs. control group. �� p < 0.01, ��� p < 0.001 vs. patients with isolated mixed
dyslipidemia. ��� p < 0.001 vs. patients with mixed dyslipidemia and impaired fasting glucose. �� p < 0.01, ��� p < 0.001 vs. patients with mixed
dyslipidemia and impaired glucose tolerance
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Tab. 2. The effect on fenofibrate on lipid profile in mixed dyslipidemic patients with or without prediabetic states

Control patients Isolated
mixed dyslipidemia

Mixed dyslipidemia
+ impaired fasting glucose

Mixed dyslipidemia
+ impaired glucose tolerance

Total cholesterol (mg/dl)

Baseline 171.9 ± 5.6 277.3 ± 13.4*** 266.9 ± 13.1*** 282.4 ± 12.7***

After 30 days 173.1 ± 5.4 247.0 ± 8.2�*** 241.6 ± 8.0 243.8 ± 5.8�**

After 90 days 178.2 ± 8.2 226.2 ± 4.8���** 221.2 ± 4.3��** 237.1 ± 6.0��**

LDL cholesterol (mg/dl)

Baseline 111.5 ± 6.4 166.0 ± 13.2*** 157.3 ± 6.5*** 164.4 ± 10.6***

After 30 days 106.2 ± 7.7 162.5 ± 4.7*** 157.4 ± 5.2*** 161.4 ± 4.1***

After 90 days 111.9 ± 11.9 142.2 ± 3.7��** 129.7 ± 4.0�** 140.3 ± 6.4�**

HDL cholesterol (mg/dl)

Baseline 49.8 ± 3.0 40.8 ± 2.1* 42.0 ± 2.6* 40.9 ± 1.9*

After 30 days 48.8 ± 1.9 46.1 ± 2.3� 46.1 ± 2.6�* 45.5 ± 2.7�*

After 90 days 49.2 ± 2.1 45.7 ± 2.3� 46.4 ± 2.3� 46.4 ± 2.3�

Triglycerides (mg/dl)

Baseline 120.2 ± 13.0 250.6 ± 14.1** 285.0 ± 20.5*** 261.3 ± 13.2***

After 30 days 137.5 ± 13.6 216.8 ± 8.2��*** 191.5 ± 15.1��** 212.5 ± 10.3��***

After 90 days 121.5 ± 10.1 174.7 ± 20.8���** 175.8 ± 12.7���** 191.2 ± 8.8���***

Fasting glucose (mg/dl)

Baseline 86.3 ± 2.1 87.0 ± 2.5 113.4 ± 1.2***������ 95.4 ± 1.1**��

After 30 days 83.5 ± 1.7 85.6 ± 3.2 106.9 ± 1.1��***������ 93.7 ± 1.5**�

After 90 days 85.1 ± 1.6 85.5 ± 2.9 107.15 ± 1.3��***������ 95.8 ± 1.2**��

Post-glucose load plasma glucose (mg/dl)

Baseline 120.0 ± 2.2 116.3 ± 2.5 125.0 ± 3.2 159.5 ± 2.0***������

After 30 days 120.6 ± 1.5 118.9 ± 2.2 116.0 ± 3.2 146.5 ± 1.9��***������

After 90 days 117.2 ± 1.5 117.8 ± 2.4 119.1 ± 3.1 149.0 ± 1.5��***���

HOMA

Baseline 2.4 ± 0.1 2.6 ± 0.2 4.4 ± 0.2***��� 5.8 ± 0.3***���

After 30 days 2.2 ± 0.2 2.4 ± 0.2 4.0 ± 0.2***��� 5.4 ± 0.3***������

After 90 days 2.3 ± 0.1 2.2 ± 0.1 3.8 ± 0.3��***��� 4.9 ± 0.2��***������

Interleukin-1� (pg/ml)

Baseline 76.4 ± 5.6 128.0 ± 9.0*** 138.1 ± 8.0*** 127.7 ± 8.1***

After 30 days 76.8 ± 8.5 99.2 ± 8.9��� 99.2 ± 7.2���** 85.4 ± 7.5���**

After 90 days 75.3 ± 9.0 93.0 ± 9.8���* 93.7 ± 8.9���* 82.6 ± 6.7���

MCP-1 (ng/ml)

Baseline 14.7 ± 1.6 20.7 ± 0.8*** 25.0 ± 2.2***���� 20.4 ± 1.6***

After 30 days 14.9 ± 0.8 18.4 ± 0.4** 19.4 ± 2.0�� 14.9 ± 0.8������

After 90 days 14.6 ± 0.8 15.9 ± 0.4��� 17.9 ± 2.4���* 14.1 ± 0.8������

Data represent the means ± SD. * p < 0.05, ** p < 0.01, *** p < 0.001 vs. control group. � p < 0.05, ��p < 0.01, ��� p < 0.001 vs. baseline values.
� p < 0.05, �� p < 0.01, ��� p < 0.001 vs. patients with isolated mixed dyslipidemia. �� p < 0.01, ��� p < 0.001 vs. patients with mixed dyslipide-
mia and impaired fasting glucose. �� p < 0.01, ��� p < 0.001 vs. patients with mixed dyslipidemia and impaired glucose tolerance



Monocyte cytokine release

Micronized fenofibrate administered to patients with

isolated mixed dyslipidemia reduced interleukin-1�

release by 22.5% (p < 0.001) and by 27.3% (p <

0.001) after 30 and 90 days of treatment, respectively

(Fig. 2). After 90 days of fenofibrate administration,

the secretion of this cytokine was still higher than that

observed in the control subjects (p < 0.05). Thirty- or

90-days of treatment with this drug reduced MCP-1

release by 11.1% and significantly reduced it by

23.2% (p < 0.001). At the end of the treatment period,

MCP-1 secretion did not differ from that observed in

the control subjects.

Thirty- and 90-days of fenofibrate administration

to mixed dyslipidemic patients with concomitant IFG

led to a reduction in interleukin-1� release by 28.1%

(p < 0.001) and 32.1% (p < 0.001), respectively. The

treatment also decreased MCP-1 secretion by 22.4%

(p < 0.01) and 28.4% (p < 0.001), respectively. After

90 days, the release of both cytokines was still higher

than that in control subjects (p < 0.05).

Treatment of patients suffering from mixed dyslipi-

demia and IGT with fenofibrate reduced interleukin-1�

release by 33.1% (p < 0.001) and 35.3% (p < 0.001),

respectively. At the end of the treatment period the re-

lease of this cytokine was still higher than that ob-
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Fig. 1. Effect of fenofibrate therapy on fasting and 2-h post-glucose
load plasma glucose levels and on the HOMA index. Data represent
the means ± SD. ** p < 0.01, *** p < 0.001 vs. control group. � p < 0.05,
�� p < 0.01, ��� p < 0.001 vs. patients with isolated mixed dyslipide-
mia. ��� p < 0.001 vs. patients with mixed dyslipidemia and impaired
fasting glucose. ��� p < 0.001 vs. patients with mixed dyslipidemia
and impaired glucose tolerance. �� p < 0.01 vs. baseline values
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Fig. 2. Effect of fenofibrate on interleukin-1� and MCP-1 release by
lipopolysaccharide-stimulated monocytes. Data represent the means
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served in the control subjects (p < 0.05). For MCP-1,

fenofibrate reduced its release by 27.0% (p < 0.001)

after 30 days and by 31.4% (p < 0.001) after 90 days

of treatment. Post-treatment values of MCP-1 release

were similar to those observed in the control group.

Comparisons between treatment groups

The degree of the reduction in the lipid profile was

similar in all treatment groups (Fig. 1, 2). The feno-

fibrate-induced changes in fasting plasma glucose and

2-h post-glucose load plasma glucose plasma were

more pronounced in patients with coexisting predia-

betes than in isolated dyslipidemia and differed be-

tween the two groups of prediabetic patients. The re-

duction in the former was stronger in subjects with

IFG (p < 0.01), while the decrease in the latter was

more pronounced in patients with IGT (p < 0.05). The

effect of fenofibrate on the HOMA index was greater

in prediabetic patients than in subjects with isolated

dyslipidemia, with no difference between IFG and

IGT. After 90 days of fenofibrate administration, the

treatment groups still varied in fasting glucose, 2-h

post-glucose load plasma glucose and HOMA. Fast-

ing glucose remained higher in both groups of predia-

betic patients than in isolated dyslipidemia and higher

in IFG than in IGT. Post-challenge glucose levels and

the HOMA index in IGT patients were higher than in

IFG subjects or patients with isolated mixed dyslipi-

demia (p < 0.001).

In dyslipidemic patients with prediabetes, fenofi-

brate reduced monocyte release of interleukin-1� and

MCP-1 to a greater extent (p < 0.01) than in patients

with isolated dyslipidemia, with no difference ob-

served between IFG and IGT groups. After 90 days of

treatment, there were no significant differences be-

tween treatment groups in plasma lipid levels and

monocyte release of interleukin-1�. At the end of the

treatment, MCP-1 release was lower in IGT patients

than in the remaining groups of dyslipidemic patients.

Correlations

At the beginning of our study, the HOMA index corre-

lated with both fasting (r = 0.68, p < 0.001) and post-

challenge (r = 0.71, p < 0.001) glucose. Fasting but not

post-challenge plasma glucose levels correlated weakly

with the baseline release of both interleukin-1� (r =

0.63; p < 0.001) and MCP-1 (r = 0.74; p < 0.001).

None of the groups showed any correlation between

plasma lipid and glucose levels or between plasma

lipid levels and monocyte interleukin-1� and MCP-1

release. However, there was a correlation between the

reduction of the HOMA index and the decrease in

fasting plasma glucose (r values, depending on the

group, between 0.66 and 0.70, p < 0.001). None of the

treatment groups showed any correlation between

changes in cytokine release and in glucose metabo-

lism and lipid profile improvement. After 90 days of

treatment, no correlation between monocyte interleu-

kin-1� and MCP-1 secretion and HOMA, plasma glu-

cose or lipids was observed.

Discussion

The major finding of our prospective study is that

a multidirectional action of fenofibrate including an

improvement in glucose metabolism, and the inhibi-

tory action on plasma lipids and monocyte release of

interleukin-1� and MCP-1, exhibit some differences

between patients with isolated mixed dyslipidemia

and dyslipidemic patients with coexisting prediabetic

states.

According to our expectations, monocytes of

mixed dyslipidemic patients released higher amounts

of interleukin-1� and MCP-1 than monocytes of nor-

molipidemic subjects. Taking into account the com-

plex proatherogenic effect of both interleukin-1� and

MCP-1 [3, 5, 14, 26] and the important role of mono-

cytes and macrophages in this process [7, 13], the ob-

served changes may contribute to the increased risk of

the development of atherosclerosis and its progression

in patients with lipid and glucose metabolism distur-

bances. With the exception of MCP-1 release in sub-

jects with IFG, the secretion of both studied cytokines

was similar in mixed dyslipidemic subjects irrespec-

tive of whether they suffered from glucose metabolism

abnormalities. The observed difference in MCP-1 re-

lease between subjects with IFG and IGT to some ex-

tent resembles our previous study, revealing that there

are differences in the pattern of interleukin-1� release

between patients with mixed dyslipidemia and iso-

lated hypercholesterolemia, which may contribute to

a various localization and/or severity of atherosclero-

sis in both of these dyslipidemias [20]. Because

MCP-1 is chemoattractive for monocytes directly, in-

duces the expression of tissue factor, superoxide ani-
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ons and proinflammatory genes, is present in high

amounts in human atherosclerotic lesions and at high

plasma levels is associated with an increased risk of

acute coronary syndromes and restenosis [3, 5, 26],

our results suggest that IFG patients are even more

prone to cardiovascular disorders than IGT patients.

In this respect, our results are in contrast to the find-

ings of other authors [27] who suggested a worse car-

diovascular outcome in the latter group. It cannot be

ruled out that other proatherogenic mechanisms are

more pronounced in IGT, and despite a lower release

of MCP-1 than in IFG, the global cardiovascular risk

is higher in the first group of patients.

As the release of proinflammatory cytokines from

monocytes, including the ones assessed in the present

study, was higher in subjects with isolated IGT [19],

we expected that the combined occurrence of dyslipi-

demia and IGT would be associated with more ex-

pressed disturbances in monocyte secretory function

than the presence of isolated dyslipidemia. The obser-

vation that the baseline release of interleukin-1� and

MCP-1 exhibited no differences between patients

with isolated dyslipidemia and dyslipidemia coexist-

ing with IGT indicates that the earlier development

and faster progression of atherosclerosis in the latter

group of patients is caused by the involvement of other

proatherogenic mechanisms, such as an enhanced ac-

tivity of the remaining inflammatory cells (particu-

larly lymphocytes), a disturbed hormonal function of

adipose tissue, an abnormal relaxation function of the

endothelium, and/or unfavorable shifts in hemostasis.

Fenofibrate treatment improved plasma lipid levels

in all mixed dyslipidemic patients with similar po-

tency. Because IFG and IGT neither enhanced nor

weakened the ability of this agent to alter plasma lip-

ids, it seems justifiable to assume that fenofibrate is

an effective lipid-lowering agent in the treatment of

mixed dyslipidemia, both isolated or related to meta-

bolic syndrome. The observation that fenofibrate also

affected glucose metabolism and monocyte secretory

function indicates, however, that the benefits of PPAR�

activators, particularly in subjects with metabolic syn-

drome, extend beyond the action on plasma lipids.

Previous studies provide contrasting results con-

cerning the action of fibrates on fasting and postpran-

dial glucose levels. Depending on the study, PPAR�

activators reduced [8, 29], did not affect [25, 28] or

even increased glucose levels [1]. To the best of our

knowledge, this is the first study to compare fenofi-

brate’s effect on glucose metabolism between patients

with different early glucose metabolism abnormali-

ties. The study showed that the strength with which

fenofibrate altered glucose homeostasis was related to

the initial metabolic profile of the patients. The slight

but significant drug-induced changes in fasting or

post-challenge glucose levels and in the HOMA index

were observed only if these parameters were dis-

turbed before the initiation of treatment. The finding

that the reduction in fasting and post-challenge

plasma glucose and in insulin sensitivity was small

and that after 90 days of treatment glucose levels and

HOMA still remained higher than in control subjects

indicates that fenofibrate action on glucose homeosta-

sis is mild. However, because the difference was sta-

tistically significant, it should be taken into account

when the drug is administered to patients with con-

comitant lipid and glucose metabolism abnormalities.

As the studies cited above [1, 8, 25, 28, 29] showed

significant differences in the included populations,

our results suggest that a study-dependent effect of

fenofibrate on fasting or postprandial glucose levels

and on insulin sensitivity may be, in part, secondary

to the various baseline characteristics of their partici-

pants. Although assessment of only fasting and 2-h

post-glucose load plasma glucose levels and the

HOMA do not allow us to generalize, our results sug-

gest that by improving glucose metabolism in subjects

with early carbohydrate metabolism abnormalities

PPAR� activators may to some extent prevent the de-

velopment of diabetes and vascular complications.

Micronized fenofibrate reduced interleukin-1� and

MCP-1 release in all groups of patients, supporting

previous findings of the anti-inflammatory effect of

fibrates. Taking into account that both of these cytoki-

nes produce multidirectional proatherogenic effects,

their decreased secretion may play a role in the marked

reduction of the incidence of cardiovascular events

observed in the Helsinki Heart Study and the Veterans

Affairs High-Density Lipoprotein Intervention Trial

[14, 23]. The lack of a correlation between the extent

of the changes in lipid and glucose levels and the ef-

fect of fenofibrate on monocyte secretory function in-

dicates that an anti-inflammatory action of fibrates is

at least partially unrelated to the metabolic effects of

these components. It seems to result from stimulation

of PPAR� receptors and to be secondary to the effect

of other signaling pathways, such as NF�B, AP1, or

STAT [2, 9, 19].

Although both 30- and 90-day treatments produced

almost the same action on glucose homeostasis, their
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effects on monocyte cytokine release were more pro-

nounced at the end of the treatment period. This ob-

servation, and the fact that after 90 days of treatment

the release of interleukin-1� in all groups of dyslipi-

demic patients and MCP-1 in IFG subjects still ex-

ceeded the values observed in control subjects, may

indicate that a longer period of treatment provides

some additional benefits compared to the 90-day ther-

apy and therefore is required to produce the full anti-

inflammatory effect of fenofibrate. Interestingly, the

interleukin-1�- and MCP-1-suppressing effect of feno-

fibrate was stronger in prediabetic patients than in

those with isolated dyslipidemia. This finding may in-

dicate that the pleiotropic effect at the level of secre-

tory functions of human monocytes is more pro-

nounced if fibrates are administered to patients with

metabolic syndrome than in isolated disturbances of

lipid metabolism.

Although both at the beginning of the study and af-

ter 90 days of treatment, the release of MCP-1 dif-

fered between dyslipidemic subjects with IFG and

IGT, a fenofibrate-induced reduction in the release of

this cytokine was similar for both of these prediabetic

states. Moreover, in both IGF and IGT patients, feno-

fibrate exhibited a similar extent of lipid and interleu-

kin-1�-lowering effects. These findings indicate that

any differences in the clinical effectiveness of fenofi-

brate between both prediabetic states, if at all, result

either from its different effects on glucose homeosta-

tis or are related to the action of fenofibrate on other

inflammatory cells or on hemostasis.

In conclusion, our results have shown that lipo-

polysaccharide-activated monocytes of mixed dyslipi-

demic patients released increased amounts of interleu-

kin-1� and MCP-1 in comparison to monocytes of

normolipidemic subjects and that this increase was al-

leviated by fenofibrate treatment in a glucose- and

lipid-independent manner. The multidirectional action

on plasma lipids, glucose metabolism and monocyte

secretory function may contribute to the metabolic

benefits of PPAR� activators and a fibrate-induced

reduction in cardiovascular events in patients with

lipid and glucose metabolism disturbances. Some dif-

ferences between various groups of dyslipidemic pa-

tients in the pattern of baseline MCP-1 release and

fenofibrate action on monocyte secretory function

may have some prognostic value and may be respon-

sible for particular benefits of fibrate therapy in pa-

tients with metabolic syndrome.
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