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ABSTRACT
Introduction: Hypertriglyceridemia is known as an independent risk factor for coronary artery disease (CAD).
Fenofibrate that is used for the treatment of hypertriglyceridemia can prevent cardiovascular events in patients
with CAD. However, there is little information regarding the vascular effects of fenofibrate on arterial wall stiffness in patients with hypertriglyceridemia and without CAD, diabetes mellitus (DT), and hypertension (HT). The
objective of this study is to evaluate the effects of fenofibrate treatment on the arterial stiffness in the patients with
pure hypertriglyceridemia.
Patients and Methods: We included 37 patients with hypertriglyceridemia without CAD, HT, and DT in this
study. We performed pre- and post-treament physical examination of the patients and took their blood samples. Patients were allocated fenofibrate for a duration of 168 ± 14 days for its administration. We assessed
arterial stiffness by aortic pulse wave velocity (PWV) using a SphygmoCor device. Importantly, we estimated
central arterial pressure waveform parameters by radial artery applanation tonometry and used augmentation
index (AIx) as a measure of wave reflections.
Results: Fenofibrate treatment resulted in significantly greater reductions in total cholesterol (201.3 ± 61.0
mg/dL vs. 270.0 ± 93.4 mg/dL), triglycerides (261.3 ± 234.3 mg/dL vs. 704.7 ± 338.7 mg/dL), and the C/H
levels (5.3 ± 2.6 vs. 7.2 ± 1.9, respectively) as compared with the pretreatment levels (p< 0.001). There was
a tendency of high-sensitivity C-reactive protein (hs-CRP) to decline after fenofibrate treatment as change
in hs-CRP was significant (0.47 ± 0.41 mg/dL vs. 0.32 ± 0.31 mg/dL respectively, p< 0.01). AIx remained
unchanged from the pretreatment levels (24.2% ± 12.4% vs. 22.0% ± 11.4%, respectively, p> 0.05). There
was a significant reduction in PWV after fenofibrate treatment (11.3 ± 2.9 m/s vs. 9.2 ± 2.2 m/s, p= 0.001).
Conclusion: Fenofibrate treatment appears to effectively improve the arterial wall stiffness in the patients with
pure hypertriglyceridemia.
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İzole Hipertrigliseridemi Hastalarında Fenofibrat Tedavisinin Aortik Sertlik
Üzerine Etkisi
ÖZET

Giriş: Hipertrigliseridemi, koroner arter hastalığı (KAH) için bağımsız bir risk faktörü olarak bilinir. Hipertrigliseridemi tedavisinde kullanılan fenofibratın KAH hastalarında kardiyovasküler olayları önleyebildiği bilinmektedir. Bununla birlikte, fenofibratın KAH’ı, diabetes mellitusu ve hipertansiyonu olmayan saf
hipertrigliseridemi hastalarında arter duvar sertliği üzerindeki vasküler etkileri hakkında çok az bilgi vardır.
Bu çalışmada saf hipertrigliseridemi hastalarında fenofibrat tedavisinin arteryel duvar sertliğe olan etkisini
değerlendirmek amaçlanmıştır.
Hastalar ve Yöntem: Çalışmaya KAH’ı, hipertansiyonu ve diabetes mellitusu olmayan 37 saf hipertrigliseridemi hastası dahil edildi. Tedavi öncesi ve sonrasında hastaların fizik muayeneleri yapıldı ve kan örnekleri
alındı. Hastalara 168 ± 14 gün boyunca fenofibrat tedavisi verildi. Arteryel duvar sertliği, bir SphygmoCor
cihazı kullanılarak aort nabız dalgası hızı (PWV) ile değerlendirildi. Santral arteryel basınç dalga formu parametreleri radyal arter aplikasyon tonometrisi ile hesaplandı ve dalga yansımasının ölçüsü olarak augmentasyon indeksi (AIx) kullanıldı.
Bulgular: Fenofibrat tedavisi, tedavi öncesi ile karşılaştırıldığında toplam kolesterol, trigliserit ve C/H düzeylerinde belirgin şekilde anlamlı düşüşler sağlamıştır (201.3 ± 61.0 mg/dL, 270.0 ± 93.4 mg/dL ve 261.3 ± 234.3
mg/dL, 704.7 ± 338.7 mg/dL ve 5.3 ± 2.6 ve 7.2 ± 1.9, sırasıyla, p< 0.001). Hs-CRP’de fenofibrat tedavisinden
sonra anlamlı düşme eğilimi tespit edilmiştir (sırasıyla 0.47 ± 0.41 mg/dL ve 0.32 ± 0.31 mg/dL, sırasıyla, p<
0.01). AIx’de anlamlı değişim izlenmemiştir (sırasıyla %24.2 ± 12.4 ve %22.0 ± 11.4, p> 0.05). Fenofibrat tedavisinden sonra PWV’de anlamlı bir azalma izlenmiştir (11.3 ± 2.9 m/s ve 9.2 ± 2.2 m/s, p= 0.001).
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Sonuç: Fenofibrat tedavisinin, saf hipertrigliseridemi hastalarında arteryel duvar sertliğini olumlu şekilde etkilediği gösterilmiştir.
Anahtar Kelimeler: Hipertrigliseridemi; aort sertliği; nabız dalga hızı; fenofibrat; augmentasyon indeksi

INTRODUCTION
Atherosclerosis is an inflammatory process that develops
because of hyperlipidemia and lipid oxidation in the vascular
intima layer(1). Several clinical studies have been conducted to
date with the aim to reduce cardiovascular mortality and the
lower-density lipid (LDL) cholesterol in the foreground. Investigation of cardiovascular effects of isolated triglyceride (TG)
elevation is difficult because there are many comorbidities
associated with this group of patients. A study found that TG
elevation was an independent predictor of cardiovascular risk
after major meta-analyses and studies(2). These data have encouraged clinicians to treat the TG levels in patients with optimal LDL cholesterol levels. Fenofibrates are fibric acid derivatives that are administered orally and used conventionally for
the treatment of hypertriglyceridemia(3). Fibrates can decrease
TG concentrations and elevate the high-density lipid (HDL)
cholesterol(4,5). In patients with significant hypertriglyceridemia, some trials have evaluated the benefits of a TG-lowering
therapy on cardiovascular morbidity and mortality(6,7).

A large number of non-invasive methods have been developed to evaluate the abnormalities of the arterial walls for defining the atherosclerotic process. Pulse wave velocity (PWV)
and augmentation index (AIx) are some non-invasive methods
that are used to show aortic stiffness. Aortic stiffness can predict cardiovascular mortality in the patients with end-stage renal
disease, hypertension (HT), and diabetes mellitus (DM)(8-10).
AIx can predict all the causes and cardiovascular mortality in
patients with end-stage renal failure(11). In Framingham cohort,
arterial stiffness (assessed by PWV) was associated with an increased risk for developing a first cardiovascular event(12,13).
The purpose of this study is to determine the effects of
fenofibrate medication on PWV, AIx, and inflammatory markers in patients with isolated hypertriglyceridemia and without
CAD, HT, and DM.
PATIENTS and METHODS
Subjects

This study included 37 patients (32 males and 5 females)
with pure hypertriglyceridemia that cannot be controlled by lifestyle changes and who were eligible for fulfilling the following
lipid criteria: > 500 mg/dL of serum TGs, < 250 mg/dL of serum
cholesterol, and < 130 mg/dL of serum LDL levels. Fenofibrate
was administered at a dose of 267 mg/day for about 168 ± 14
days to lower the TG levels without the use of any other lipid-

lowering drugs. We included the control group to show the high
PWV values in the patient group before the treatment. In total,
28 (19 males and 9 females) age- and gender-matched healthy
control group subjects were included in this study.

We excluded the patients with the following diseases or
problems from the study: CAD, stable angina pectoris, unstable
angina pectoris, acute coronary syndromes, DT, HT, chronic liver or kidney diseases (serum creatinine level of > 1.5 mg/dL or
elevation of the alanine transaminase levels more than threefold
the upper limit of normal), anemia, endocrine or neurological
diseases, malignancy, taking lipid-lowering medications, immunosuppression treatments, steroids, and alcohol overuse. An informed consent letter was obtained from all the patients with the
confirmation of local ethic committee approval no. 2014.3/25.
Laboratory Analyses

Before and after fenofibrate treatment with 12-hour fasting
period, the blood samples were collected in the citrate-treated
tubes for measuring the lipids, plasma glucose, renal and kidney
function tests for all the patients. Immunoturbidimetric assay
modular system random access analyzer (Dade Behring, Deerfield, IL, USA) was used for measuring the concentrations of
hs-CRP. After 12 hours of fasting, the patients removed heavy
outer clothing, shoes, and any heavy accessories. Then, digital weight and height measurement was performed. Body mass
index (BMI) was calculated by the formula of weight (in kilograms) over height squared (in meters). LDL cholesterol levels
were determined by using the Friedewald formula in the laboratory because of the lack of specific kit for LDL measurement.
Measurement of PWV and AIx

Measurements were taken under standardized conditions
and according to the guidelines on PWV analysis(14). A single
investigator used the applanation tonometry (SPC-301, Millar
Instruments, Houston, Texas) to measure the pressure waves
from the femoral, carotid, and radial arteries. Data were analyzed with the SphygmoCor Blood Pressure Analysis System
(BPAS-1, AtCor Medical, Sydney, Australia). Measurements
were applied from the carotid to femoral artery for PWV that
was referenced to a contemporaneously recorded electrocardiogram. The time difference between the measurement time of
carotid and femoral waveforms was defined as the transit time.
The distance between the surface markings of the sternal notch
and the femoral artery was used to estimate the difference in
path length, and then PWV adjusted for mean blood pressure
was calculated.
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The radial pulse of non-dominant arms was used for measuring the aortic AIx. The systolic part of the central arterial waveform is characterized by two pressure peaks: the first peak is
caused by left ventricular ejection and the second peak is the result of pulse wave reflection. The degree of difference between
both the pressure peaks reflects the central arterial pressure that
is augmented by wave reflection. AIx is a measurement of the
difference between the second and first systolic peaks defined
as a percentage of the pulse pressure (pp). Three readings were
taken for each patient, and the average of these readings was
used for the analysis. Heart rate (HR) and pp were calculated
automatically by SphygmoCor Blood Pressure Analysis System. Pressure waveforms were recorded from the radial arteries
for corresponding central aortic pressure measurement(15).
Statistical Analysis

Statistical analyses were performed using SPSS 17.0 (Chicago). The Kolmogorov–Smirnov test was used to analyze the
normality of the data. Continuous data were expressed as mean
± standard deviation, and categorical data were expressed as
percentages. Chi-square test was used to assess the differences
in categorical variables between the groups. The relationships
among the parameters were assessed by using Pearson’s or
Spearman’s correlation analysis according to the normality of
the data. The differences between the patient subgroups were
tested using Mann-Whitney U test or Student’s t-test wherever
deemed appropriate. Pre- and post-treatment data were analyzed
using paired t-test. p value < 0.05 was considered statistically
significant for this study. By using the G power software, the
alpha level of 0.05 and the power value (1-beta) of 0.80 was obtained. The calculated effect size was 0.35, and the actual power
was 0.80. The number of total subjects to be included in the
study was predicted to be 70.
RESULTS
This study included patient and healthy control groups for
the comparison of pretreatment arterial stiffness. Age, BMI,
sex distribution, and smoking status did not differ between the
groups at baseline evaluation.

The pretreatment lipid profile parameters of the patient and
control groups were all significantly different except HDL levels (42.6 ± 6.8 mg/dL vs. 38.2 ± 10.7 mg/dL), TG (224.2 ± 42.4
mg/dL vs. 704.7 ± 338.7 mg/dL), total cholesterol (168.0 ± 36.8
mg/dL vs. 270.0 ± 93.4 mg/dL), LDL (96.3 ± 27.4 mg/dL vs.
114 ± 14.9 mg/dL), and C/H measurements (3.9 ± 1.4 vs. 7.2 ±
1.9) were significantly different between the control group and
patients (p< 0.05). However, HDL levels were not significantly
different (42.6 ± 6.8 mg/dL vs. 38.2 ± 10.7 mg/dL, respectively,
p> 0.05). Pretreatment mean PWV values of patient and control
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groups were statistically significant (11.3 ± 2.9 m/s vs. 10.2 ±
2.7 m/s respectively, p= 0.04). Additionally, the mean central
systolic blood pressure between the patient and control groups
was statistically significant (125.2 ± 19.1 mmHg vs. 112.0 ±
15.6 mmHg, respectively, p= 0.007) within the normal values of
arterial tension measurements. The pp (44.4 ± 15.0 mmHg vs.
41.4 ± 12.3 mmHg respectively, p> 0.05), HR (74.6 ± 10.0 bpm
vs. 74.8 ± 12.2 bpm respectively, p> 0.05), and AIx measurements (24.2 ± 12.4% vs. 22.6% ± 12.6%, respectively, p> 0.05)
in the patient and control groups were not significantly different
(Table 1).

As expected, fenofibrate treatment resulted in significantly
greater reductions in total cholesterol (201.3 ± 61.0 mg/dL vs.
270.0 ± 93.4 mg/dL), TGs (261.3 ± 234.3 mg/dL vs. 704.7 ±
338.7 mg/dL), and the C/H levels (5.3 ± 2.6 vs. 7.2 ± 1.9, respectively) as compared with the pretreatment values (p< 0.001).
LDL (109.3 ± 24.7 mg/dL vs. 114 ± 14.9 mg/dL) and HDL (40.8
± 11.6 mg/dL vs. 38.2 ± 10.7 mg/dL) remained statistically unchanged (p> 0.05). There was a tendency for hs-CRP to decline
after fenofibrate treatment, and change in hs-CRP was noticed
to be significant (0.47 ± 0.41 mg/dL vs. 0.32 ± 0.31 mg/dL, respectively, p< 0.01). Uric acid levels were significantly reduced
(6.0 ± 1.3 mg/dL vs. 4.4 ± 0.9 mg/dL, p< 0.001) after fenofibrate
treatment. There is a tendency for aspartate transaminase to increase after fenofibrate treatment, but the magnitude of change
in the values was insignificant (24.7 ± 12.3 IU/L vs. 26.4 ± 9.3
uı, p> 0.05).
Systolic blood pressure and HR decreased similarly over
time (138.4 ± 17.4 mmHg vs. 127.2 ± 12.3 mmHg and 74.6 ±
10.0 bpm vs. 69.4 ± 8.7 bpm, respectively, p< 0.001). Decrease
in diastolic blood pressure (81.4 ± 14.1 mmHg vs. 79.3 ± 11.2
mmHg, respectively) and mean arterial pressure (101.4 ± 14.7
mmHg vs. 96.8 ± 10.8 mmHg, respectively) was not significant (p> 0.05). Additionally, central systolic pressure (125.2 ±
19.1 mmHg vs. 118.1 ± 17.6 mmHg, respectively), central pulse
pressure (44.4 ± 15.0 mmHg vs. 43.4 ± 12.3 mmHg), and AIx
(24.2% ± 12.4% vs. 22.0% ± 11.4%, respectively) remained unchanged (p> 0.05). Table 2 shows the subject characteristics at
baseline and after treatment.
There was a significant reduction in PWV after fenofibrate
treatment (11.3 ± 2.9 m/s vs. 9.2 ± 2.2 m/s, p= 0.001) (Figure 1).
DISCUSSION
Our short-time study showed that fenofibrate treatment had
reduced PWV in the patients with pure hypertriglyceridemia and
without DT, HT, and CAD, whereas Alx remained unchanged.

Epidemiologic and clinical studies have shown that PWV
is measured through the gold standard method for the non-
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Table 1. Baseline characteristics of patients and individuals in control group
Control group (n= 28)

Patient group (n= 37)

p

51.2 ± 13.2

46.8 ± 9.4

0.09

Male (n, %)

19 (67.9)

32 (86.5)

0.07

Female (n, %)

9 (32.1)

5 (13.5)

4

6

0.09

Height (cm)

169.1 ± 6.1

172.4 ± 8.4

0.04

Weight (kg)

80.4 ± 16.4

87.0 ± 12.2

0.01

28.0 ± 5.0

29.2 ± 3.2

0.13

Age (years)
Gender

Smoker

2

BMI (kg/m )
Pulse wave parameters
PWV (m/s)

10.2 ± 2.7

11.3 ± 2.9

0.04

cSP (mmHg)

112.0 ± 15.6

125.2 ± 19.1

0.007

cPP (mmHg)

41.4 ± 12.3

44.4 ± 15.0

0.54

HR (bpm)

74.8 ± 12.2

74.6 ± 10.0

0.86

Alx (%)

22.6 ± 12.6

24.2 ± 12.4

0.49

TG (mg/dL)

224.2 ± 42.4

704.7 ± 338.7

< 0.001

TC (mg/dL)

168.0 ± 36.8

270.0 ± 93.4

< 0.001

LDL (mg/dL)

96.3 ± 27.4

114 ± 14.9

< 0.05

HDL (mg/dL)

42.6 ± 6.8

38.2 ± 10.7

0.089

C/H

3.9 ± 1.4

7.2 ± 1.9

< 0.05

Lipid parameters

BMI: Body mass index, PWV: Pulse wave velocity, cSP: Central systolic pressure, cPP: Central pulse pressure, HR: Heart rate, AIx: Augmentation index, TG: Triglyceride,
TC: Total cholesterol, LDL: Low density lipoprotein, HDL: High-density lipoprotein.

invasive assessment of aortic stiffness(16). Recent studies have
demonstrated that PWV reflects the central elastic arteries rather
than peripheral vascular arterial stiffness(17,18). Increased arterial
stiffness causes abnormal coronary blood flow, micro-vascular
damage, atherogenic environment, and increased cardiac afterload, which are the risk factors for cardiovascular events(19,20).
Higher PWV values were associated with increased mortality
and morbidity in patients with CAD(21). In patients with hypercholesterolemia, the usage of long-term statin treatment has
shown improvement in arterial stiffness. Nevertheless, the beneficial outcomes of the usage of short-term statins on the improvement of arterial stiffness are still conflicting(22,23).

Fenofibrate is commonly referred as peroxisome proliferator–activated receptor-α agonists. Fenofibrate has anti-inflammatory and endothelium-protecting effects. Fibrates increase
HDL levels and decrease the plasma levels of TG. Fibrates
inhibits the leukocyte migration into the intima by decreasing
the secretion of monocyte chemoattractant protein 1 in the endothelial cells(24). Numerous experimental and clinical studies

suggest that fibrate therapy improves endothelial function by
reducing the oxidative stress and antiangiogenic effects(25). Improvement in the endothelial function and a reduction in arterial
stiffness were observed in glucose-tolerant men with obesity
after treatment with fenofibrate and pioglitazone(26). In subjects
with type II DT, fenofibrate treatment for a long time was not
associated with beneficial changes on the carotid intima media
thickness and AIx(27). The diabetes atherosclerosis intervention
study demonstrated a significant reduction in the burden of focal
angiographic coronary artery lesions after three years of fenofibrate treatment in 418 men with type II diabetes(7,13). In a Japanese study of 594 patients with HT and without diabetes, fenofibrate did not change the mean intima media thickness (IMT),
but slowed the progression of IMT/arterial diameter ratio(28).

Just like previous studies, significant changes were observed in the hs-CRP levels in our study. In some other studies,
fenofibrate treatment was reported to reduce the plasma CRP
levels(29). No significant changes were observed in Alx in our
study. On the contrary, the study of 16 men with obesity and
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Table 2. Pretreatment and post-treatment measurements of the patients
Pretreatment (n= 37)

Post-treatment (n= 37)

p

TG (mg/dL)

704.7 ± 338.7

261.3 ± 234.3

< 0.001

TC (mg/dL)

270.0 ± 93.4

201.3 ± 61.0

< 0.001

LDL (mg/dL)

114 ± 14.9

109.3 ± 24.7

0.46

HDL (mg/dL)

38.2 ± 10.7

40.8 ± 11.6

0.17

7.2 ± 1.9

5.3 ± 2.6

< 0.001

SBP (mmHg)

138.4 ± 17.4

127.2 ± 12.3

< 0.001

DBP (mmHg)

81.4 ± 14.1

79.3 ± 11.2

< 0.001

MAP (mmHg)

101.4 ± 14.7

96.8 ± 10.8

< 0.001

C/H

UA (mg/dL)

6.0 ± 1.3

4.4 ± 0.9

< 0.001

AST (IU/L)

24.7 ± 12.3

26.4 ± 9.3

0.48

hs-CRP (mg/dL)

0.47 ± 0.41

0.32 ± 0.31

0.01

11.3 ± 2.9

9.2 ± 2.2

< 0.001

cSP (mmHg)

125.2 ± 19.1

118.1 ± 17.6

0.01

cPP (mmHg)

44.4 ± 15.0

43.4 ± 12.3

0.42

HR (bpm)

74.6 ± 10.0

69.4 ± 8.7

0.009

AIx (%)

24.2 ± 12.4

22.0 ± 11.4

0.22

Pulse wave parameters
PWV (m/s)

TG: Triglyceride, TC: Total cholesterol, LDL: Low density lipoprotein, HDL: High-density lipoprotein, SBP: Systolic blood pressure, DBP: Diastolic blood pressure, MAP:
Mean arterial pressure, UA: Uric acid, AST: Aspartate transaminase, hs-CRP: High-sensitivity C-reactive protein, PWV: Pulse wave velocity, cSP: Central systolic pressure,
cPP: Central pulse pressure, HR: Heart rate, Alx: Augmentation index.

in patients with type II DT, no effect on AIx was observed(26,27).
These opposing results may be related to the number or demographic characteristics of the patients included in the study.

25.00

In the existing literature, there are studies of subjects with
CAD, DT, and HT. Yu et al. showed that fibrates reduce arterial
stiffness in the patients with CAD(30). Wang et al. demonstrated decline in PWV values after fibrate treatment in the patient
group with CAD, HT, and diabetes(31).

20.00

PWV

15.00

10.00

5.00

0.0

Pre-treatment

Groups

Post-treatment

Figure 1. Pretreatment and post-treatment measurements of PWV.

without diabetes, three-month treatment with fenofibrate significantly reduced AIx, whereas in long-term fibrate treatment

The effect of fenofibrate treatment on arterial stiffness cannot be clearly determined because of conflicting results in the
literature. The involvement of patient groups with comorbid
diseases in previous studies may explain different outcomes.
Our study was different from the other studies as it observed the
effect of fenofibrate therapy in a homogeneous patient population as closely as possible without any comorbid diseases. In
our short-term study, the impact of age-dependent changes can
also be overlooked. In the same population, after about 168 ±
14 days of treatment, there was significant changes in the PWV
values of patients without CAD, DT, and HT after fenofibrate
treatment.
In our study, the reduction in PWV values could be explained
by the fenofibrate effect on improving the endothelial function
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while reducing the oxidative stress; however, the mechanisms
of fenofibrate treatment still remain unclear. In our daily practice, the lowering of LDL cholesterol values is prioritized. In
our study, TG treatment was shown to be crucial in preventing
the cardiovascular diseases.

6.

CONCLUSION

9.

This study shows that fenofibrate treatment for about six
month reduces aortic stiffness (PWV) in patients with pure hypertriglyceridemia and without CAD, HT, and DT. These positive effects of fenofibrate on arterial stiffness can reduce the
cardiovascular risk in patients with pure hypertriglyceridemia.
Limitations
This study was a single center study with a small number
of patients. Non-HDL cholesterol could not be used because it
was not included in the lipid panel results in our laboratory. We
could not use the specific LDL kit due to high cost. This study
should be performed in larger patient groups and similar results
should be renewed.
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