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OBJECTIVE: To find out whether the addition of fenofibrate to

statin monotherapy produced any synergistic or additive beneficial

effects in reducing risk factors, especially plasma fibrinogen, in

patients with acute coronary syndrome (ACS) requiring percuta-

neous coronary interventions.

METHODS: A randomized, non-blinded, prospective study with

parallel group design. One hundred two ACS patients who under-

went angioplasty were randomly assigned to atorvastatin

(20 mg/day, n=25), simvastatin (40 mg/day, n=27), atorvastatin-

fenofibrate (10 mg/day-200 mg/day) combination (n=25) or

simvastatin-fenofibrate (20 mg/day-200 mg/day) combination

(n=25). The serum lipid profile and plasma fibrinogen were recorded

before initiation of therapy and after three months of the respective

treatments.

RESULTS: All patients already had desirable lipid levels as per the

National Cholesterol Education Program – Adult Treatment

Panel III guidelines. The addition of fenofibrate to statin monother-

apy produced further benefits to the reduction in triglyceride and

very low-density lipoprotein levels, and caused an increase in high-

density lipoprotein levels. All the treatment groups showed a signifi-

cant decrease in the plasma fibrinogen levels. Plasma fibrinogen did

not correlate with study parameters such as age, body weight, hemo-

dynamic characteristics and lipoprotein levels. Statin monotherapy

as well as its combination with fenofibrate produced a significant

decrease in the fibrinogen levels.

CONCLUSIONS: The addition of fenofibrate to statins seems to

be beneficial in patients with ACS. Statins decreased plasma fib-

rinogen significantly, contrary to results from various reports, and

the addition of fenofibrate further enhanced this reduction of the

novel risk factor fibrinogen.

Key Words: Acute coronary syndrome; Fenofibrate; Plasma

fibrinogen; Statins; Statin-fibrate combination

The past century has seen a rapid increase in the global
prevalence of coronary artery disease (CAD). Estimates

from the Global Burden of Disease Study (1) have predicted
that India faces the greatest health burden due to CAD. A
number of inflammatory markers have been studied for their
ability to predict future cardiovascular events in asymptomatic
individuals and patients with established atherosclerotic dis-
ease (2). Among the emerging novel cardiac markers, plasma
fibrinogen has been identified as an important risk factor for
cardiovascular diseases. Many cross-sectional, case control and
prospective cohort studies have identified elevated plasma fib-
rinogen levels as an independent risk factor for CAD, stroke
and peripheral vascular disease (3).

Fibrinogen is an acute phase protein that is directly
involved in coagulation. The transcription of fibrinogen is
stimulated by interleukin-6; its synthesis is suppressed by
interleukin-1-beta and tumour necrosis factor-alpha (4,5).
Fibrinogen and its metabolites strongly affect hemostasis,
hemorheology, platelet aggregation and endothelial function.
In fact, fibrinogen’s association with increased mortality is
likely due to its ability to promote thromboses, or clots, by

causing platelet aggregation in blood vessels. The recognition
that fibrinogen is an important factor in the promotion of var-
ious disease states has led to the search for specific therapies
intended to reduce plasma fibrinogen levels.

The use of statins in the prevention of primary (6) and sec-
ondary (7,8) CAD has been demonstrated to significantly
reduce cardiovascular events and total mortality. Nevertheless,
the majority of patients on statin treatment still experience
coronary events (9). A more effective reduction in the inci-
dences of coronary events is needed. This could probably be
accomplished by a further reduction in conventional as well as
novel risk factors such as plasma fibrinogen, homocysteine and
C-reactive protein. Multiple small studies have reported
changes in fibrinogen levels with different statins (10,11).
While atorvastatin is claimed to increase plasma fibrinogen,
simvastatin is reported to either increase plasma fibrinogen or
have a neutral effect (12). Although many different pharma-
cological approaches and strategies for therapeutic modula-
tion of fibrinogen have been tested, the efficacy of different
treatments to lower plasma fibrinogen in humans is limited
and the mode of action unidentified (13,14). Among the few
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compounds known to lower circulating fibrinogen levels in
humans are certain fibrates.

Fibrates reportedly lower plasma fibrinogen in humans, but
the regulatory mechanism of this effect remains to be clarified.
Activation of the nuclear hormone receptor peroxisome prolif-
erative activated receptor-alpha (PPARα) mediates the sup-
pression of fibrinogen gene transcription by fibrates in rodents
(3). This establishes PPARα as a key regulatory factor in fib-
rinogen gene expression in rodents and may explain the sup-
pressive effect of fibrates on plasma fibrinogen levels in
humans. The fibrinogen molecule is arranged as a dimer, with
each monomer composed of three nonidentical polypeptide
chains: Aα, Bβ and γ (15). The three fibrinogen chains are
encoded by three separate, closely linked genes situated on the
same chromosome and located in the sequence γ, Aα, and Bβ,
with the last one in opposite transcriptional orientation to
the first one (16). Binsack et al (17) reported that in the
human hepatoma cell line HepG2, bezafibrate suppressed
Aα, Bβ and γ chain messenger RNA levels (18). The genes
encoding the three fibrinogen chains are negatively regulated
by PPARα and because fibrates act through this receptor, it
helps to explain the benefits of fibrate therapy to target a
reduction in fibrinogen levels. Maison et al (19) showed that
fibrinogen concentration decreased after fibrate therapy, while
it increased after statin treatment. Thus, the present study was
conducted to investigate the controversial role of statins in
modifying fibrinogen levels and to study the benefits of addition

of fenofibrate to statin therapy in modifying levels of plasma
fibrinogen.

RESEARCH DESIGN AND METHODS
The present study was a controlled, open, clinical trial. It was

randomized, nonblind and based on parallel group design. The

protocol of the study received ethical clearance from the

Institutional Review Board of the Sterling Hospital, Ahmedabad,

India. Patients of either sex with acute coronary syndrome (ACS)

who had undergone a percutaneous transluminal coronary angio-

plasty procedure irrespective of the presence of diabetes mellitus

were included in the study after obtaining their consent. Patients

with second- or third-degree atrioventricular block, renal or

hepatic failure, recent cerebrovascular events, valve replacement

surgery or balloon mitral valvuloplasty, as well as patients on

lipid-lowering therapy other than statins, were excluded from the

study. Patients meeting the eligibility criteria were randomly

assigned into four treatment groups, consisting of patients given

atorvastatin, simvastatin, atorvastatin-fenofibrate combination

or simvastatin-fenofibrate combination. Treatment was started

after the percutaneous coronary intervention and was continued

for three months. Atorvastatin was given in a single dose of

20 mg/day (if alone) and 10 mg/day (in combination with fenofi-

brate), simvastatin was given in a single dose of 40 mg/day (if

alone) and 20 mg/day (in combination with fenofibrate) and

fenofibrate was given in a single dose of 200 mg/day (in combina-

tion with atorvastatin or simvastatin). The first blood samples

were collected before the beginning of treatment and were ana-

lyzed for total cholesterol, triglycerides (TG), low-density

lipoprotein cholesterol (LDL-C), high-density lipoprotein cho-

lesterol (HDL-C), very low-density lipoprotein cholesterol

(VLDL-C) and plasma fibrinogen. The second blood samples were

collected after three months of treatment and were analyzed for

total cholesterol, TG, HDL-C, LDL-C, VLDL-C and plasma fib-

rinogen, as well as liver function tests that included serum glutamic-

pyruvic transaminase (SGPT), serum glutamic oxaloacetic

transaminase (SGOT), total bilirubin and alkaline phosphatase.

Total cholesterol, TG, HDL-C, SGPT, SGOT, total bilirubin and

alkaline phosphatase were analyzed on an automated VITROS 250

analyzer (Johnson & Johnson, USA) using enzymatic assay meth-

ods. LDL-C was analyzed by an enzymatic method. VLDL-C was

calculated using Friedewald’s formula (20).

Plasma fibrinogen was assayed by the immunoprecipitation

method using the RANDOX kits (Randox Laboratories Ltd,

United Kingdom). Many studies measure fibrinogen by the von

Clauss method (21). However, data from the Framingham Heart

Study (22) suggest that levels determined by the immunoprecipi-

tation test have a stronger association with cardiovascular disease

than those obtained by the von Clauss method. The results were

analyzed by applying Student’s t test, ANOVA and linear regres-

sion to find the degree of correlation between parameters. The

value of probability less than 5% (P<0.05) was considered to be

statistically significant.

RESULTS
One hundred two patients from the cardiology unit of Sterling
Hospital were included in the present study. All of them had
angiographically documented CAD and had undergone per-
cutaneous transluminal coronary angioplasty. Twenty-five
patients each were enrolled in atorvastatin, atorvastatin-
fenofibrate combination and simvastatin-fenofibrate combi-
nation treatment groups, and 27 patients were enrolled in the

TABLE 1
Baseline demographic and hemodynamic characteristics
of the patients

Atorvastatin + Simvastatin +
Atorvastatin fenofibrate Simvastatin fenofibrate

Characteristic (n=25) (n=25) (n=27) (n=25)

Age, years* 56.76±9.4 56.44±9.95 58.44±11.4 58.35±11.35

Sex, %

Female 4 12 7.4 20

Male 96 88 92.6 80

Body mass 25.79±3.5 23.62±1.95 25.3±3.9 25.44±4.25

index, kg/m2*

Smokers, % 12 20 14.81 8

Tobacco chewers, % 12 12 7.4 4

Diabetics, % 24 36 29.62 48

Hypertensives, % 28 28 51.85 40

Hemoglobin, g/L* 126.1±16.0 121.7±17.5 131.6±17.6 130.7±16.5

Urea (mmol/L)* 10.9±6.74 9.57±4.26 9.61±4.71 9.60±4.71

Creatinine 108.73±44.2 113.15±97.24 97.24±27.4 97.24±27.4

(μmol/L)*

Random glucose 7.17±2.16 8.07±3.6 7.58±3.16 7.56±3.11

(mmol/L)*

SBP, mmHg* 126.54±16.05 129.52±24.25 128.22±22.47128.84±22.8

DBP, mmHg* 81.29±8.75 78.35±9.00 80.55±11.31 80.96±11.55

Pulse, beats/min* 77.09±15.4 80.55±10.9 75.02±15.46 75.29±15.65

LVEF, %* 46.8±12.35 50.94±16.25 52.44±12.79 52.51±5.76

Number of affected vessels, %

One 68 56 55.55 44

Two 28 28 29.62 36

Three 4 16 14.81 20

*Data expressed as mean ± SD. DBP Diastolic blood pressure; LVEF Left
ventricular ejection fraction; SBP Systolic blood pressure
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simvastatin treatment group. There were four dropouts each
in the atorvastatin-fenofibrate group and the simvastatin
monotherapy group, and three dropouts in the simvastatin-
fenofibrate group, all due to nontechnical reasons. Therefore,
the analysis is based on a total of 91 patients who completed the
follow-up successfully. The baseline demographic characteristics
such as age, sex, body mass index, smoking, tobacco and alcohol
habits, past history of diabetes, hypertension or family history,
and other hemodynamic parameters such as hemoglobin, urea
and creatinine were recorded (Table 1). These parameters were
found to be identical in all the four treatment groups, indicating
a symmetrical study design and population.

The effects of all the treatments on lipid parameters are
given in Table 2. Atorvastatin and simvastatin monotherapy
reduced serum LDL-C and, interestingly, increased serum
HDL-C significantly (P<0.05). The atorvastatin-fenofibrate
combination therapy produced a significant decrease in TG
and VLDL-C (P<0.05), and also increased HDL-C signifi-
cantly compared with atorvastatin alone (P<0.05). Similar to
simvastatin monotherapy, simvastatin-fenofibrate combina-
tion produced a significant increase in HDL-C and decrease
in LDL-C levels (P<0.05). It, however, did not reduce TG
significantly. All treatments except atorvastatin-fenofibrate
significantly reduced the total cholesterol/HDL-C ratio, and
all treatments significantly reduced the LDL-C/HDL-C ratio
(P<0.05). ANOVA was applied to find whether there was
any difference in the effects among the four groups. The
results, however, indicated that the percentage change in
lipoprotein levels obtained were not significantly different
from each other among the four treatment groups (Figure 1).

The effect of the treatments on plasma fibrinogen are given
in Table 3. Atorvastatin and simvastatin were both found to
decrease plasma fibrinogen significantly (P<0.05).
Combination of statins with fenofibrate also showed a signifi-
cant decrease in plasma fibrinogen (P<0.05). However, the
treatment groups were not significantly different from each
other when analyzed by ANOVA. Statins in the present study
decreased plasma fibrinogen significantly, while the addition of
fenofibrate enhanced this effect, although not significantly.

No correlation was found between fibrinogen levels and
various demographic, hemodynamic and biochemical parame-
ters (Table 4). Thus, plasma fibrinogen was found to be an
independent risk factor for CAD and was lowered significantly
by atorvastatin and simvastatin alone and in combination with
fenofibrate.

Statin-fenofibrate combination in patients with ACS
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TABLE 2
Effect of treatments on serum lipoprotein levels at baseline and at three months after the start of treatment

Atorvastatin + Simvastatin +
Atorvastatin* fenofibrate† Simvastatin‡ fenofibrate§

Parameter Time interval (n=25) (n=21) (n=23) (n=22)

Total cholesterol, mmol/L Baseline 4.07±0.88 3.92±1.21 3.91±0.81 3.87±0.83

Three months 3.89±1.11 4.05±0.66 3.81±1.39 3.63±0.80

Triglycerides, mmol/L Baseline 1.59±0.84 1.71±1.23 1.52±0.86 1.50±0.87

Three months 1.47±0.68 1.19±0.52¶ 1.35±1.11 1.21±0.52

HDL-C, mmol/L Baseline 0.98±0.24 0.91±0.24 0.91±0.22 0.91±0.22

Three months 1.08±0.24¶ 1.22±0.22¶ 1.13±0.33¶ 1.13±0.34¶

LDL-C, mmol/L Baseline 2.63±0.87 2.37±0.86 2.42±0.60 2.39±0.63

Three months 2.14±0.89¶ 2.25±0.48 1.99±0.68¶ 1.99±0.68¶

VLDL-C, mmol/L Baseline 0.75±0.40 0.81±0.58 0.71±0.41 0.72±0.41

Three months 0.69±0.39 0.56±0.25¶ 0.63±0.52 0.63±0.52

LDL-C/HDL-C Baseline 2.87±1.35 2.66±0.82 2.89±1.05 3.13±1.92

Three months 2.06±0.95¶ 1.91±0.50¶ 1.92±0.81¶ 1.92±0.79¶

Total cholesterol/HDL-C Baseline 4.33±1.25 4.41±1.42 4.42±1.29 4.37±1.31

Three months 3.71±1.2¶ 3.42±0.69 3.66±1.77¶ 3.66±1.78¶

Data are expressed as mean ± SD. Degrees of freedom =*24, †20, ‡22, §21; ¶Significant change from baseline values, Student’s t test, P<0.05. HDL-C High-densi-
ty lipoprotein cholesterol; LDL-C Low-density lipoprotein cholesterol; VLDL-C Very low-density lipoprotein cholesterol

Figure 1) Mean percentage change in lipid levels among treatment
groups. *Significant change from baseline values, Student’s t test,
P<0.05; #Significant change compared with the respective statin
monotherapy or combination, unpaired Student’s t test, P<0.05;
ANOVA applied on percentage change in levels, P>0.05. Changes are
not significantly different from each other among groups. Cho
Cholesterol; HDL-C High-density lipoprotein cholesterol; LDL-C
Low-density lipoprotein cholesterol; VLDL Very low-density lipopro-
tein cholesterol 

TABLE 3
Effect of treatments on plasma fibrinogen levels

Plasma Atorvastatin + Simvastatin +
fibrinogen, Atorvastatin* fenofibrate† Simvastatin‡ fenofibrate§

g/L (n=25) (n=21) (n=23) (n=22)

Initial levels 4.44±0.26 4.29±0.4 4.25±0.25 4.21±0.27

After 3 months 3.47±0.18¶ 3.10±0.28¶ 3.12±0.14¶ 3.12±0.15¶

Degrees of freedom = *24, †20, ‡22, §21; ¶Significant change from baseline
values, paired Student’s t test, P<0.05
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No significant elevations in the serum bilirubin concentra-
tion, transaminases (SGPT and SGOT) and alkaline phos-
phatase levels were observed in any treatment group (Table 5).
Thus, it appeared that all the treatments were safely tolerated
in the given doses without any adverse hepatotoxic effects.
Two patients in the simvastatin group had complaints of mild
muscle pain, but the pain was self-resolving and not severe
enough to cause discontinuation of the therapy. The rest of the
patients had no complaints of muscle pain, weakness or myal-
gia. Thus, statin therapy alone or in combination did not lead
to undesirable myopathy, as anticipated.

DISCUSSION
Statins alone as well as in combination with fenofibrate were
found to produce beneficial effects. Statins are potent
inhibitors of HMG CoA reductase, which decreases LDL-C by
upregulating LDL-C receptor activity in the liver and reducing
the secretion of apolipoprotein B-containing lipoprotein. The
latter is believed to be responsible for the TG-lowering effect
of atorvastatin and has profound effects at higher doses (23).
Various reports have indicated that atorvastatin lowers LDL-C
and increases HDL-C (24-26). The effects of atorvastatin in
our study confirm such reports. On the other hand, simvastatin
is reported to produce a decrease in LDL-C ranging from 26%
to 50% in various doses (27,28). Also, reports from
Hunninghake et al (29) showed that simvastatin consistently
produces a larger increase in HDL-C than does atorvastatin.
Results from our study confirm the above findings because sim-
vastatin in our study also produced a significant decrease in
LDL-C and a significant increase in HDL-C compared with
atorvastatin.

Fibrates activate PPARα, which ultimately leads to rais-
ing of HDL-C and lowering of TG (30,31). Previous studies
have suggested increased benefits of a combination of fenofi-
brate with statins (32,33). Reports are available that show
benefits of combining fenofibrate and simvastatin (33,34).
A study of the literature also shows that a greater change
in HDL-C and TG levels is obtained with a fenofibrate-
atorvastatin combination compared with monotherapy (35)

with either drug. Our results comply with these reported
findings. We observed that combining fenofibrate with
statins offered a greater benefit in reducing TG and VLDL-C
levels as well as in increasing HDL-C levels. Thus, the com-
bination therapy proved both safe and beneficial in our
patients with ACS.

In prospective studies, plasma fibrinogen has been found to
be an independent predictor of myocardial infarction in both
sexes. It provides information on CAD risk over and beyond
that supplied by established risk factors (36). The Framingham
study has shown that for both sexes, the risk of cardiovascular
diseases was correlated positively to antecedent fibrinogen val-
ues higher than 1.3 g/L to 7.0 g/L (37). We found that fibrino-
gen in our study did not correlate with any of our study
parameters including demographic characteristics and lipid
levels. Thus, fibrinogen does appear to be an independent risk
factor for CAD.

Reports from large-scale trials consistently show statins to
have a neutral effect on fibrinogen (38,39). Various studies on
plasma fibrinogen indicate that fenofibrate lowers fibrinogen
levels but the effects of atorvastatin and simvastatin have
been variable and controversial, particularly those of atorvas-
tatin. Wierzbicki et al (40) showed that atorvastatin increases
plasma fibrinogen by 22%. Song (41) also found a significant
increase in fibrinogen with atorvastatin treatment whereas
simvastatin was reported to have a neutral effect. Various
reports indicated that fenofibrate decreased plasma fibrinogen
significantly whereas atorvastatin produced an increase in fib-
rinogen levels (42-44). Otto et al (45) showed that plasma
fibrinogen and other hemorheological parameters were
unchanged during atorvastatin treatment compared with dur-
ing simvastatin treatment. Athyros et al (46) reported that
plasma fibrinogen was unaffected by atorvastatin and was sig-
nificantly reduced by fenofibrate and a combination of both.
Ceska et al (47) showed that fenofibrate is a potent hypolipi-
demic drug with only rare side effects and that it reduces fib-
rinogen significantly. In our study, however, contrary to all
above reports for statins, we observed that atorvastatin as well
as simvastatin produced a significant decrease in plasma fib-
rinogen levels. However, our results comply with some recent
findings by Kadikoylu et al (48) that showed a decrease in
plasma fibrinogen by atorvastatin and simvastatin. Another
study by Leibovitz et al (49) proved that atorvastatin reduces
fibrinogen levels in patients with severe hypercholes-
terolemia; fibrinogen levels dropped by almost 18% in this
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TABLE 5
Effect of treatments on liver function parameters at the
end of three months

Atorvastatin + Simvastatin +
Atorvastatin* fenofibrate† Simvastatin‡ fenofibrate§

Parameter (n=25) (n=21) (n=23) (n=22)

Total bilirubin, 11.97±4.27 11.45±3.07 12.14±4.79 12.14±4.79

μmol/L

SGPT, U/L 28.16±10.9 29.62±7.19 31.67±7.99 31.48±1.72

SGOT, U/L 24.46±7.1 29.14±6.59 27.62±7.28 27.55±1.56

Alk phos, U/L 94.04±23.05 69.00±16.48 74.51±26.25 73.80±5.42

Data expressed as mean ± SD. Degrees of freedom = *24, †20, ‡22, §21.
Alk phos Alkaline phosphatase; SGPT serum glutamic-pyruvic transaminase;
SGOT serum glutamic-oxaloacetic transaminase

TABLE 4
Correlation coefficient between fibrinogen and other study
parameters

Parameter Correlation coefficient (r)

Age 0.15

Body mass index –0.02

Hemoglobin –0.21

Urea 0.18

Creatinine –0.21

Blood glucose –0.14

Total cholesterol 0.05

Triglycerides 0.01

HDL-C –0.10

LDL-C 0.07

VLDL-C –0.02

LDL-C/HDL-C 0.10

Total cholesterol/HDL-C 0.10

HDL-C High-density lipoprotein cholesterol; LDL-C Low-density lipoprotein
cholesterol; VLDL-C Very low-density lipoprotein cholesterol
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study. Tekin et al (50) have also shown a reduction in plasma
fibrinogen levels by atorvastatin in hyperlipidemic patients
with angiographically proven CAD. Our findings with ator-
vastatin are consistent with these recent data. The combina-
tion of statins with fenofibrate also produced a further,
although not significant, decrease in fibrinogen. These results
are in agreement with the reported claims of fenofibrate to
decrease plasma fibrinogen.

Previous studies have indicated an increased risk of
myopathy with a statin-fibrate combination (32,51).
However, no cessation of therapy was required in any patient
due to anticipated undesirable muscle-related complications of
the therapy in our study. Liver function tests of all patients were
also normal at the end of three months of treatments, indicat-
ing no adverse hepatotoxic effects. These findings suggest that

it may be safe to use fenofibrate and statins in combination,
contrary to reported contraindications for the combined use
of these two classes of drugs. However, we have not looked
into the long-term toxicity associated with the use of these
drugs in combination. Moreover, the strategy appears to be
distinctly beneficial in lowering the risk factor plasma fibrino-
gen. Thus, the therapy offers a new method to treat patients
with ACS.

CONCLUSIONS
The addition of fenofibrate to statins seems to be beneficial in
patients with ACS. Statins decreased plasma fibrinogen signif-
icantly, contrary to results from various reports. Also, in com-
bination with fenofibrate, statins enhanced reduction of the
novel risk factor fibrinogen.

Statin-fenofibrate combination in patients with ACS
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