. The official journal of the Japan Atherosclerosis Society and
f-’ the Asian Pacific Society of Atherosclerosis and Vascular Diseases @@@@
BY NC SA

SO o

Original Article

Bezafibrate Ameliorates Arterial Stiffness Assessed by Cardio-
Ankle Vascular Index in Hypertriglyceridemic Patients with
Type 2 Diabetes Mellitus

J Atheroscler Thromb, 2019; 26: 659-669. http://doi.org/10.5551/jat.45799

Takashi Yamaguchi', Kohji Shirai?, Daiji Nagayama?, Shoko Nakamura', Rena Oka', Sho Tanaka’,
Yasuhiro Watanabe', Haruki Imamura’, Yuta Sato’, Hidetoshi Kawana', Masahiro Ohira', Atsuhito Saiki’,
Naomi Shimizu' and Ichiro Tatsuno'

'Center of Diabetes, Endocrinology and Metabolism, Toho University, Sakura Medical Center, Chiba, Japan
*Mihama Katori Clinic, Chiba, Japan
*Nagayama Clinic, Tochigi, Japan

Aim: Cardio-ankle vascular index (CAVI) reflects arterial stiffness and has been established as a useful surrogate
marker of atherosclerosis. Contrary to the abundant data indicating slower progression of atherosclerosis with
statins, studies on fibrates remain scarce. The aim of this study was thus to clarify the effect of bezafibrate on
CAVI as well as on oxidative stress.

Methods: A randomized, open-label, controlled study was performed. 66 hypertriglyceridemic patients with
type 2 diabetes were assigned to two groups: bezafibrate (400 mg/day) group and eicosapentaenoic acid (EPA 1.8
g/day) group. Patients were administered the respective treatment for 12 weeks. CAVI, glycolipid metabolic
parameters, and diacron-reactive oxygen metabolites (d-ROMs) were evaluated before and after the study period.

Results: Serum triglycerides (TG), remnant-like particle cholesterol (RLP-C), fasting plasma glucose, HbAlc
and d-ROMs decreased, while HDL-cholesterol increased significantly in the bezafibrate group but did not
change in the EPA group. The decreases in TG, RLP-C, HbAlc and d-ROMs were significantly greater in the
bezafibrate group than in the EPA group. CAVI decreased significantly only in the bezafibrate group and the
decrease was significantly greater in bezafibrate group than in EPA group. Simple regression analysis showed no
significant relationship between the change in CAVI and changes in other variables. Multivariate logistic regres-
sion analysis identified high baseline CAVI, low HDL-cholesterol level, and bezafibrate administration as signifi-
cant independent predictors of CAVI decrease.

Conclusion: Bezafibrate treatment ameliorates arterial stiffness accompanied by improvement of glycolipid
metabolism and oxidative stress. These effects potentially have important beneficial health consequences in
hypertriglyceridemic patients with type 2 diabetes.
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Introduction

Atherosclerosis is a primary disease leading to car-
diovascular events"?. One of the difficulties to estab-
lish the factors involved in the progression of arterio-
sclerosis and the factors to prevent arteriosclerosis is
that quantitative measurement of the degree of arte-

riosclerosis is difficult in routine clinical practice. Mea-
suring arterial stiffness is a candidate to estimate the
progression of arteriosclerosis quantitatively?.

The cardio-ankle vascular index (CAVI) was devel-
oped recently?. CAVI reflects arterial stiffness of the
arterial tree from the origin of the aorta to the ankle.
The major feature of this method is that the result is
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independent of the blood pressure at the time of mea-
surement. Recent studies have shown that CAVI pre-
dicts both all-cause and cardiovascular mortality in pa-
tients with risk factors of cardiovascular disease”. More-
over, CAVI appropriately monitors the change in arte-
rial stiffness after various therapeutic interventions®?.
Nagayama ez al. Previously demonstrated that CAVI
reflects vascular damage caused by oxidative stress, which
is considered central to the pathophysiology of athero-
sclerosis in patients with metabolic syndrome'?. We
also reported that CAVI reflects lipid-induced early vas-
cular damage in healthy subjects'. Therefore, CAVI
assessment is potentially useful both to identify indi-
viduals at high risk of cardiovascular disease and to in-
dicate if intervention has been beneficial.

Type 2 diabetes mellitus is one of the most impor-
tant contributors to cardiovascular disease and increases
the risk of coronary heart disease at least two- to three-
fold'>'?. A primary cause for the increased risk of ath-
erosclerosis in diabetes is an increase of atherogenic lipo-
proteins such as triglyceride-rich lipoproteins (TGRLs),
which are closely associated with insulin resistance and
oxidative stress'* . Recent studies have demonstrated
that serum triglycerides (TG) level and low density
lipoprotein-cholesterol (LDL-C) levels are leading pre-
dictors of coronary heart diseases in patients with type
2 diabetes'® 7.

Fibrates act mainly as a ligand for peroxisome pro-
liferator-activated receptors (PPARs), which are nuclear
receptors activated by fatty acids and derivatives'® 17,
PPARa mediates the hypolipidemic action of fibrates
and stimulates f-oxidative degradation of fatty acids to
control the plasma levels of cholesterol and TG ?V.
While bezafibrate has low affinity for PPARa, it is also
a ligand for PPARY, exhibiting the actions of improv-
ing insulin sensitivity and promoting the clearance of
TGRL:s via its enhancing effect on lipoprotein lipase
(LPL)?. We previously reported that bezafibrate admin-
istration decreased serum TG level and TGRLs along
with elevation of LPL mass level?.

Clinical trials have shown that fibrates reduce
coronary heart events in subjects with type 2 diabetes
and metabolic syndrome®” *>. However, these results
were not demonstrated as primary end points, but
were obtained in subgroup analyses. Moreover, studies
with carotid intima-media thickness (IMT) as a surro-
gate end point have produced inconsistent results. One
study found slower progression of carotid atherosclero-
sis in patients on fenofibrate compared with placebo®®,
whereas another study reported no effect of bezafi-
brate on IMT?%. Contrary to the abundant data indi-
cating slower progression of atherosclerosis with statins,
studies on fibrates are scarce. Therefore, the effect of
fibrates on atherosclerosis needs further confirmation.
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It is well-known that a low level of eicosapentae-
noic acid (EPA), an n-3 polyunsaturated fatty acid, in
circulation is associated with atherosclerotic diseases?”.
Supplementation with EPA lowers serum TG level but
the degree of decrease is smaller than fibrates®. Nev-
ertheless, EPA has been demonstrated to show anti-
atherosclerotic effect. The Japan EPA Lipid Interven-
tion Study (JELIS) reported that treatment with highly
purified EPA in addition to low-dose statin significantly
reduced the incidence of major coronary events com-
pared with statin alone®”. Satoh et a/*” reported that
EPA decreased CAVI in patients with metabolic syn-
drome, supporting the anti-atherosclerotic effect of EPA.

Aim
The aim of this study was to clarify the role of
bezafibrate on arterial stiffness of the arterial tree con-
sisting of the aorta, iliac artery, femoral artery, and
tibial artery by measuring CAVI in hypertriglyceriemic
patients with type 2 diabetes mellitus comparing with

EPA as control, and to investigate the underlying mech-
anism by which bezafibrate and EPA may change CAVL

Methods

The study protocol was prepared in accordance
with the Declaration of Helsinki and was approved by
the institutional review board of Toho University Sakura
Medical Center (approval number 2010-025). Before
participation, the purpose and procedures of the study
were explained to each patient, and written consent
was obtained for both participation in this study and
for release of the study data.

Study Protocol

This randomized, open-label, controlled study en-
rolled 66 hypertriglyceridemic patients (serum triglyc-
erides >150 mg/dl) with type 2 diabetes. Diabetes was
diagnosed according to the Japan Diabetes Society di-
agnostic standards. We excluded patients with moder-
ate or severe hypertension (systolic blood pressure >160
mmHg or diastolic blood pressure 2100 mmHg), ne-
phrotic syndrome, hypothyroidism, history of angina,
peripheral vascular disease, or atrial fibrillation.

We assigned the patients to two groups by simple
randomization using sealed envelopes. Three of the 66
patients were excluded from the study because they
stopped visiting our hospital. One group was adminis-
tered bezafibrate (Kissei Co., Ltd., Tokyo, Japan) 400
mg/day (bezafibrate group, 7=33), and the other group
was administered EPA capsule 1.8 g/day (EPA group,
n=31), containing highly purified (>98%) EPA ethyl
ester (Mochida Pharmaceutical Co., Ltd., Tokyo, Japan).
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Table 1 shows the clinical characteristics of the patients
at baseline. There were no significant differences in
any of the variables between the two groups.

The following parameters were measured before
and after 12-week treatment: body weight, body mass
index, HbAlc, fasting plasma glucose (FPG), serum total
cholesterol (TC), TG, high density lipoprotein (HDL)-
cholesterol, LDL-cholesterol, apolipoprotein (APO) A-1,
A-2, B, C-2, C-3, E, remnant-like particle (RLP)-cho-
lesterol, LPL mass, diacron-reactive oxygen metabolites
(d-ROMs), a marker of oxidative stress as well as mark-
ers of liver and renal functions. CAVI and systolic/dia-
stolic blood pressure were measured before and after
12 weeks of treatment. Carotid IMT and plaque score
were assessed by ultrasound only at the beginning of
this study.

All patients maintained the same diet and exer-
cise therapies and did not change medications during
this study. A dietician provided nutritional guidance
to all patients on a monthly basis, analyzing meals and
suggesting changes if necessary. None of the patients
received any hormone replacement therapy or antioxi-
dant vitamin supplement during this study. Several
patients were taking antidiabetic agents, antihyperten-
sive agents, and/or lipid-lowering agents (statins). The
proportions of subjects using these agents did not dif-
fer significantly between the two groups.

Data Collection

Body mass index (BMI) was calculated from height
and body weight (weight in kilogram divided by square
of height in meter). Blood samples were collected in
the morning after 12 hours of fasting. Serum was sep-
arated within 1 hour and used for measuring FPG,
HbAlc, TG, LDL-cholesterol, HDL-cholesterol, and
APO A-1, A-2, B, C-2, C-3, E, and LPL mass.

HbAIc and Plasma Lipid Concentrations

To measure HbA1c, blood was collected in tubes
containing ethylenediaminetetraacetic acid. The stable
and unstable fractions of HbAlc were measured by a
high-pressure liquid chromatography method (Hi-Auto
A1C analyzer system; Kyoto Daiichi Kagaku, Kyoto,
Japan). Data of stable form were used in the present
analysis. HbAlc was expressed as the value of the
National Glycohemoglobin Standardization Program.

Plasma total cholesterol and triglyceride levels were
measured enzymatically using kits from Nippon Shoji
Co, Ltd (Osaka, Japan) and a 7150 Analyzer (Hitachi,
Ltd, Tokyo, Japan). Serum high-density lipoprotein cho-
lesterol was measured using a selective inhibition assay
(Daiichi Pure Chemicals Co, Ltd, Tokyo, Japan). Serum
LDL-cholesterol level was calculated using the Fried-
wald formula.

Preheparin LPL Mass Assay

LPL mass in preheparin serum was measured by
a sandwich enzyme-linked immunosorbent assay using
a specific monoclonal antibody against bovine milk
LPL, as described by Kobayashi e 2/*". A commercial
kit from Daiichi Pure Chemicals (Tokyo, Japan) was
used in this study. For this assay system, linearity was
observed from 5 to 400 ng/ml, with within-run coef-
ficient variation (Cv) of 2.8%, and between-day Cv of
4.3%.

d-ROMs Assay

The d-ROM:s levels were measured using a kinetic
spectrophotometric assay (ER.E.E System; Diacron,
Italy) with intra- and inter-assay Cv of 2.1% and
3.1%, respectively. Briefly, a serum sample (25 pL) is
mixed with an acetic acid buffered solution (pH 4.8)
in a pipette to stabilize the hydrogen ion concentra-
tion, and a chromogenic substrate was added to the
mixture. In an acidified medium, bivalent and triva-
lent iron from the protein component of the blood
ionizes and acts as a catalyst to break down hydroper-
oxide groups in the blood into alkoxyl and peroxy
radicals to form free radicals. The mixture was then
incubated in the thermostatic block of the system,
then transferred to a cuvette containing colorless chro-
mogen. The chromogen is oxidized by free radicals to
radical cations with a magenta color, which was mea-
sured photometrically (505 nm) after centrifugation
for 1 min. The intensity of the magenta color reflects
the concentration of hydroperoxides in the blood,
which is proportional to the quantity of ROMs. The
data were expressed in U. Carr. (1 U. Carr. corresponds
to 0.08 mg/dL H202).

Measurements of CAVI and Blood Pressure

CAVI was measured with a VaSera CAVI instru-
ment (Fukuda Denshi Co Ltd, Tokyo), and the details
have been described in previous reports?. Briefly, cuffs
were applied to the bilateral upper arms and ankles of
a subject lying supine with the head held in a midline
position. Examinations were performed after resting
for 10 minutes. To detect the brachial and ankle pulse
waves with cuffs, a low cuff pressure from 30 to 50
mmHg was used to minimize the effect of cuff pres-
sure on hemodynamics. CAVI was calculated using
the following formula: CAVI=a{(2p/AP) xIn(Ps/Pd)
PWV2} +b; where Ps is systolic blood pressure, Pd is
diastolic blood pressure, PWV is pulse wave velocity,
AP is Ps—=Pd, p is blood density, and a and b are con-
stants. Blood pressure was measured using the cuff
applied to the upper arm. PWV was obtained by divid-
ing the length of the blood vessel by the time taken
for the pulse wave to propagate from the aortic valve
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Table 1. Various parameters at baseline and after 12-week treatment of bezafibrate and EPA

bezafibrate EPA
Baseline After 12 weeks Baseline After 12 weeks
p value 2 value
mean s.d. mean s.d. mean s.d. mean s.d.
Age (y) 58.1 = 12 58.90 == 10.20
Gender (m/f) 20/13 19/12
Height (cm) 1659 = 9.7 163.8 = 8.6
mean IMT (mm) 0.84 = 0.17 091 == 0.18
plaque score 48 = 45 49 = 32
body weight (kg) 700 = 17 692 = 13 n.s. 71.1 = 16 70.8 = 16 n.s.
body mass index (kg/m?) 252 % 48 251 = 45 n.s. 264 *= 4.8 262 = 47 n.s.
systolic BP (mmHg) 142 = 22 140 = 16 n.s. 146 = 18 145 = 17 n.s.
diastolic BP (mmHg) 86 = 13 83 == 11 n.s. 87 = 14 92 = 16 n.s.
HbA1lc (%) 6.8 = 1.2 64 = 1.1 <0.05 68 = 1.3 70 = 1.5 n.s.
FPG (mg/dL) 156 = 58 136 = 49 <0.05 157 = 57 162 += 68 n.s.
TC (mg/dL) 24 = 36 214 = 47 s 210 = 44 210 + 52 e
TG (mg/dL) 289 =+ 148 190 = 117 <0.005 295 = 225 278 = 224 n.s.
HDL-C (mg/dL) 47 = 99 50 = 9.1 <0.05 43 = 11.0 43 = 10.1 n.s.
LDL-C (mg/dL) 120 = 36 126 = 36 n.s. 109 = 40 112 *= 44 n.s.
Apo A-1 (mg/dL) 149 = 18 140 = 30 n.s. 135 = 24 136 = 25 n.s.
Apo A-2 (mg/dL) 3270 ER 5D 382 = 7.5 <0.001 292 = 43 292 = 6.2 n.s.
Apo B (mg/dL) 113 = 22 104 = 29 <0.05 109 = 27 112 = 31 n.s.
Apo C-2 (mg/dL) 75 £ 23 69 = 37 n.s. 79 £ 39 8.6 == 5.0 n.s.
Apo C-3 (mg/dL) 148 = 49 113 £ 54 <0.001 184 = 9.2 181 = 11.8 n.s.
Apo E (mg/dL) 51 % 1.9 41 = 1.1 <0.005 54 % 20 54 + 22 e
LPL mass (ng/mL) 53.0 %= 19.8 569 = 232 n.s. 57.2 = 20.0 54.8 £ 16.0 n.s.
RLP-C (mg/dL) 19.5 = 129 13.7 = 10.7 <0.001 204 = 16.2 20.1 = 159 n.s.
creatinine (mg/dL) 0.80 = 0.22 090 = 0.24 n.s. 0.85 = 0.37 1.01 = 1.10 n.s.
uric acid (mg/dL) 6.0 = 1.6 61 = 14 n.s. 6.0 = 1.8 57 = 19 n.s.
CK (IU/L) 111 = 67 97 £ 42 n.s. 103 = 35 151 = 218 n.s.
d-ROMs (U.CARR) 383 = 89 341 = 55 <0.001 359 = 54 374 + 88 n.s.
AST (IU/L) 242 £ 83 27.6 = 132 n.s. 219 = 6.2 227 = 8.6 n.s.
ALT (IU/L) 26.8 = 13.1 250 = 17.1 n.s. 254 = 8.1 247 £ 93 n.s.
yGTP (IU/L) 679 * 653 40.5 *= 31.7 <0.005 582 * 422 583 * 38.1 n.s.

EPA: eicosapentaenoic acid, CAVI: cardio-ankle vascular index, BP: blood pressure, HbA1C: hemoglobin A1C, FPG: fasting plasma glucose, TC:
total cholesterol, TG: triglyceride, HDL-C: HDL-cholesterol, LDL-C: LDL cholesterol, Apo: apolipoprotein, LPL: preheparin lipoprotein lipase,
RLP-C: RLP-cholesterol, CK: creatine kinase, d-ROMs: diacron-reactive oxygen metabolites, AST: aspartate aminotransferase, ALT: alanine amino-
transferase, y GTP: gamma-glutamyl transpeptidase. Data are expressed as mean * standard deviation (s.d.), except gender (in number of patients).
At baseline, there were not significant differences in all variables between two groups.

to the ankle, and was measured using the cuffs attached
to the upper arms and ankles. To facilitate comparison
with the aortic PWV method established by Hasegawa
and coworkers®?, scale conversion constants (a, b) were
determined to match CAVI with the aortic PWV
method. Using the scale conversion constants, the CAVI
data obtained can be compared with the massive pre-
vious data of PWV. All the measurement and calcula-
tion functions are integrated in the VaSera CAVI instru-
ment that automatically calculates and generates the

final data. The average Cv of CAVI is less than 5%,
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which is small enough for clinical usage and indicates

that CAVI has good reproducibility®.

Statistical Analysis

All data are expressed as mean * standard devia-
tion. The SPSS 15.0 software (SPSS Inc., Chicago, 11l
USA) was used for statistical processing. Paired z-test
was performed to analyze intragroup differences between
data at baseline and those at 12 weeks. Student’s 7-test
was used for comparisons of baseline data between two

groups. The relationship between changes in CAVI and
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Table 2. Comparison of changes in various parameters between bezafibrate and EPA groups

Bezafibrate EPA
2 value
mean s.d. mean s.d.

Abody weight (kg) -0.81 + 12.8 0.48 + 2.8 n.s.
Asystolic BP (mmHg) -2.2 + 22.7 -0.9 * 13.4 n.s.
Adiastolic BP (%) -2.7 + 13.5 4.4 + 10.1 <0.05
AHbA1C (mg/dL) -0.46 + 1.0 0.15 + 1.4 <0.05
AFPG (mg/dL) -20.1 +* 567 38 * 658 n.s.
ATC (mg/dL) -105 £ 328 -25 £ 269 n.s.
ATG (mg/dL) -989 £ 107 164 = 72 <0.001
AHDL-C (mg/dL) 28 * 6.6 -02 £ 76 n.s.
ALDL-C (mg/dL) 6.6 + 28.2 1.0 + 24.9 n.s.
AApo A-1 (mg/dL) 33 = 15.7 0.0 * 209 n.s.
AApo A-2 (mg/dL) 55 = 68 01 % 60 <0.005
AApo B (mg/dL) -89 # 18.9 15 = 19.2 <0.05
AApo C-2 (mg/dL) -0.62 * 28 0.57 * 26 0.090
AApo C-3 (mg/dL) -346 * 438 -0.66 * 6.4 0.056
AApo E (ng/mL) -1.0 + 1.8 -0.1 + 1.6 <0.05
ALPL mass (mg/dL) 39 = 14.9 -32 * 99 <0.05
ARLP-C (mg/dL) -58 = 86 —02 = 77 <0.05
Acreatinine (mg/dL) 0.10 + 0.2 0.17 * 0.9 n.s.
Auric acid (IU/L) 0.1 + 1.3 -0.3 + 1.0 n.s.
ACK (U.CARR) -154 £ 69.0 6.6 *  36.0 n.s.
Ad-ROM:s (IU/L) 427 £ 660 121 = 660 <0.005
AAST (IU/L) 35 % 12.7 09 * 6.8 n.s.
AALT (IU/L) -1.7 = 13.7 -08 = 67 n.s.
AyGTP -27.4 + 46.0 -1.1 + 23.0 <0.01

EPA: eicosapentaenoic acid, CAVI: cardio-ankle vascular index, BP: blood pressure, HbA1C: hemoglobin A1C,
FPG: fasting plasma glucose, TC: total cholesterol, TG: triglyceride, HDL-C: HDL-cholesterol, LDL-C: LDL
cholesterol, Apo: apolipoprotein, LPL: preheparin lipoprotein lipase, RLP-C: RLP-cholesterol, CK: creatine
kinase, d-ROMs: diacron-reactive oxygen metabolites, AST: aspartate aminotransferase, ALT: alanine amino-
transferase, y GTP: gamma-glutamyl transpeptidase. Data are expressed as mean * standard deviation (s.d.)

other variables were analyzed using simple regression
analysis (Pearson’s product-moment correlation coeffi-
cient: r). Multivariate logistic regression analysis was
used to identify the factors associated with CAVI
decrease, and results were expressed as odds ratio with
95% confidence interval. In all comparisons, p values
less than 0.05 were considered statistically significant.
The primary end point was change in CAVI, and the
secondary end points were changes in TG, HDL-cho-
lesterol, RLP-cholesterol, HbAlc, FPG and d-ROMs
during this study.

Results

Changes in Lipid Parameters

All parameters measured, including lipid param-
eters, did not change significantly after the 12-week
treatment in EPA group. On the other hand, TG, APO
C-3, APO E and RLP-C decreased, while HDL-C and

APO A-2 increased significantly after 12-week treat-
ment in bezafibrate group, compared with no signifi-
cant changes in the EPA group (Table 1). Although
TG apparently decreased slightly in the EPA group, the
change was not significant. TC, LDL-C, APO A-1,
APO B, APO C-2 and LPL mass showed no signifi-
cant changes in both groups (Table 1).

In the comparison of changes in levels between
two groups, the decreases in TG, APO-B, APO E and
RLP-C, the increase in APO A-2 were significantly
greater in bezafibrate group than those in EPA group.
The decreases in APO C-2 and APO C-3 tended to be
greater in bezafibrate group than those in EPA group.
The change in LPL mass was significantly different
between the bezafibrate group (increase) and the EPA
group (decrease) (Table 2).

Changes in FPG, HbAlc and d-ROMs
FPG, HbAlc and d-ROMs decreased significantly
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Fig.1. Changes in CAVI during 12-week treatment by bezafibrate and EPA. (A) Relationship between baseline CAVI and CAVI
after 12-week treatment in bezafibrate and EPA groups. (B) Comparison of changes in CAVI after 12-week treatment

between bezafibrate and EPA groups. *p value less than 0.05.

in the bezafibrate group, but did not change in the
EPA group (Table 1). The changes (decreases) in HbAlc
and d-ROMs in the bezafibrate group were signifi-
cantly different than those (increases) in the EPA group
(Table 2).

Changes in CAVI

CAVI decreased significantly (p<0.005) after 12-
week treatment in the bezafibrate group but did not
change significantly in the EPA group (Fig.1A). The
decrease in CAVI was significantly (»<0.005) greater
in the bezafibrate group than in the EPA group (Fig. 1B).

Relationship between Change in CAVI and Other
Variables

To identify the factors that contribute to the im-
provement of CAVI, we first performed a simple re-
gression analysis. Simple regression showed no signifi-
cant relationship between the change in CAVI and
changes in other variables (Table 3). We further per-
formed univariate and multivariate logistic regression
analyses to investigate the association between decrease
in CAVI greater than 0.5 and clinical variables. As
shown in Table 4, high baseline CAVI, low baseline
HDL-cholesterol level, and bezafibrate administration
were identified as significant independent predictors

of CAVI decrease greater than 0.5.

Discussion
We observed that bezafibrate therapy for 12 weeks
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in hypertriglyceridemic patients with type 2 diabetes
resulted in a greater decrease in CAVI compared to
EPA therapy, accompanied by decreases in blood TG,
RLP-cholesterol, HbAlc and d-ROMs levels, and in-
crease in HDL-cholesterol level. In comparison, EPA
therapy for 12 months resulted in no significant changes
in all the parameters measured, and TG level appar-
ently decreased slightly, but not significantly. Further-
more, multivariate logistic regression analysis clearly
demonstrated an association between bezafibrate ad-
ministration and decrease in CAVI.

A previous study reported beneficial effects of
fibrate on IMT, which is an atherogenic index and an
independent predictor of cardiovascular events®”. Bra-
chial-ankle PWV (baPWV) has been used as a nonin-
vasive index of arterial stiffness or arterial distensibil-
ity?. However, there are several limitations to using
baPWYV to evaluate arterial stiffness. First, baPWV is
affected by systolic blood pressure at the time of mea-
surement and thus, overestimates arterial stiffness in
hypertensive subjects®. Second, baPWV is an index
calculated from a formula using only indirect indi-
ces®®. In contrast, the formula for CAVI includes direct
indices, a stiffness parameter 3, and indirect indices?.
Our previous studies demonstrated that CAVI is an
accurate and blood pressure-independent index of arte-
rial stiffness®. CAVI is associated with cardiovascular
morbidity and mortality, and predicts cardiovascular
events in patients with various risk factors 5. Moreover,
CAVI can be used reliably to follow changes in arterial
stiffness after various therapeutic interventions®®. Taken



Bezafibrate Ameliorates Arterial Stiffness

Table 3. Simple regression analysis for the relationships between change in CAVI and changes

in various variables.

Bezafibrate EPA
r p value r p value
Abody weight 0.141 n.s. 0.159 n.s.
Asystolic BP 0.223 n.s. 0.148 n.s.
Adiastolic BP 0.179 n.s. -0.190 n.s.
AHbAlc 0.163 n.s. 0.345 n.s.
AFPG 0.162 n.s. 0.138 n.s.
ATC 0.149 n.s. 0.240 n.s.
ATG 0.235 n.s. -0.090 n.s.
AHDL-C -0.299 n.s. -0.091 n.s.
ALDL-C 0.065 n.s. 0.338 n.s.
AApo A-1 —-0.241 n.s. -0.253 n.s.
AApo A-2 0.046 n.s. -0.253 n.s.
AApo B 0.187 n.s. 0.133 n.s.
AApo C-2 0.215 n.s. 0.183 n.s.
AApo C-3 0.198 n.s. 0.203 n.s.
AApo E 0.248 n.s. -0.029 n.s.
ALPL mass 0.106 n.s. 0.077 n.s.
ARLP-C 0.276 n.s. 0.109 n.s.
Ad-ROMs -0.263 n.s. -0.189 n.s.
Auric acid -0.020 n.s. -0.209 n.s.

EPA: eicosapentaenoic acid, CAVI: cardio-ankle vascular index, BP: blood pressure, HbA1C: hemoglobin
A1C, FPG: fasting plasma glucose, TC: total cholesterol, TG: triglyceride, HDL-C: HDL-cholesterol,
LDL-C: LDL cholesterol, Apo: apolipoprotein, LPL: preheparin lipoprotein lipase, RLP-C: RLP-choles-
terol, d-ROMs: diacron-reactive oxygen metabolites. Data are expressed as mean # standard deviation (s.d.)

together, the present data that bezafibrate therapy
improved arterial stiffness assessed by CAVI may con-
tribute to the prevention of atherosclerosis. To the best
of our knowledge, this is the first study to demon-
strate the effect of bezafibrate on CAVI in hypertri-
glyceridemic patients with type 2 diabetes.
Interestingly, the degree of CAVI reduction achi-
eved by bezafibrate treatment was greater than by EPA
in this study. Moreover, the degree was equivalent to
that of statins in a previous report”, although a direct
comparison is not possible. This favorable effect of
bezafibrate may be due to the clinical conditions of
the subjects in the present study. In clinical trials,
bezafibrate was highly effective at reducing cardiovas-
cular diseases in patients with obesity, type 2 diabetes,
higher TG level and lower HDL-cholesterol level ** ).
In this study, our subjects had type 2 diabetes with
high mean TG and low HDL-cholesterol levels, and
more than half (52%) of them were obese (BMI >25
kg/m?). Under these clinical conditions, bezafibrate
may demonstrate a powerful arterial stiffness-lowering
effect. On the other hand, EPA administration decreased
CAVT slightly, but the change was not statistically sig-

nificant. Previous reports on the effect of EPA admin-

istration on arterial stiffness are controversial. One study
reported that EPA administration did not change ath-
erogenic markers®¥. Conversely, Satoh et 2/** reported
that the administration of EPA reduced peripheral
arterial stiffness measured by baPWV and CAVI, and
their results contradicted our findings. Because the
subjects in Satoh’s study were dyslipidemic but not
diabetic, and a smaller proportion was obese, the con-
flicting results may be due to the different clinical con-
ditions of the subjects. These findings suggest that sub-
jects for whom EPA can be expected to prevent ath-
erosclerosis may differ from fibrates.

In the present study, we evaluated d-ROMs level
as a marker of oxidative stress. Bezafibrate significantly
decreased d-ROMs level. The d-ROMs level is known
to be proportional to serum hydroperoxide concentra-
tion. In this test, the concentrations of peroxidation
products of proteins, peptides, amino acids, lipids, and
fatty acids are measured by color reaction. The d-ROMs
test comprehensively evaluates the status of oxidative
stress level 77 vivo®”. Blood d-ROMs level increases in
diseases with enhanced oxidative stress*?, and decreases
by treatment that reduces oxidative stress*". Regard-
ing the effect of fibrates on oxidative stress, Iglarz ez
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Table 4. Multivariate logistic regression analysis for the association of CAVI decrease greater than 0.5 with clinical variables

Univariate Analysis

Multivariate Logistic Regression

Variable Odds ratio 95%. coiliilnge P value Odds ratio 95%, coniiilnce Pvalue
interval interval

Gender (Male; 1, Female; 0) 0.72 0.24—-2.12 0.301 0.55 0.15-2.05 0.376
Elderly (Age >65; 1, <65; 0) 0.82 0.24—2.79 0.056 0.36 0.08—1.53 0.164
Higher CAVI (29.0; 1, <9.0; 0) 3.60 0.91-14.36 0.011 8.24 1.51-45.12 0.015
Obesity (BMI 225; 1, <25; 0) 0.62 0.21-1.81 0.227 0.75 0.22-2.59 0.645
Hypertension (+; 1, —; 0) 0.89 0.31-2.59 0.167 1.04 0.29-3.74 0.952
Low HDL-C (HDL-C <40; 1, >40; 0) 1.75 0.58-5.24 0.014 4.74 1.09-20.63 0.038
Bezafibrate administration (+; 1, —; 0) 3.06 0.98-9.49 0.005 6.12 1.39-26.81 0.016

AIC=47.535, p<0.05
CAVI: cardio-ankle vascular index, HDL-C: HDL-cholesterol

al*? reported that fenofibrate reduced ROS produc-
tion induced by NF-«B in animal experiments, and
Beltowski ez 2/* reported that fenofibrate reduced lipid
peroxide generation in rodent models. Oxidative stress
is known to be elevated in diabetic conditions through
the generation of advanced glycation end products and
activation of NADPH oxidase*?, contributing to the
development of atherosclerosis*. We previously reported
that glucose-lowering treatment using oral hypoglyce-
mic agent decreased oxidative stress®. Taken together,
the previous and the present finding of oxidative stress
reduction by bezafibrate therapy suggests that bezafi-
brate may contribute to the prevention of atheroscle-
rosis. Since changes in d-ROMs level was a secondary
outcome in this study, our finding of improved oxida-
tive stress should be regarded as pilot data for a more
focused study on oxidative stress.

Plausible mechanisms underlying improvement
of CAVT following bezafibrate treatment include changes
of lipoproteins, glucose metabolism, and oxidative stress.
To prove this hypothesis, we performed simple regres-
sion analyses on factors related to change in CAVI
However, we could not find any parameter associated
with the reduction of CAVI, suggesting that multiple
factors may be involved in substantial change in CAVI,
or bezafibrate may have a direct effect on arterial stift-
ness. Fibrates act as a ligand for PPARs, which are
nuclear receptors activated by fatty acids and deriva-
tives'¥. PPARa mediates the hypolipidemic action of
fibrates and stimulates $-oxidative degradation of fatty
acids to control plasma levels of cholesterol and tri-
glycerides, which constitute major risk factors for cor-
onary vascular disease?”. Activation of PPARa directly
promotes LPL activity, enhancing LPL mRNA expres-
sion and suppression of APO C-3°. Bezafibrate has
low affinity for PPARa, and also serves as a ligand
for PPARY, causing further enhancement of LPL?.
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Through these mechanisms, bezafibrate promotes the
clearance of atherogenic lipoproteins. It is also reported
that fibrates elevate HDL-cholesterol level by enhanc-
ing APO A expression””). In the present study, bezafi-
brate administration resulted in a slight elevation of
LPL mass level together with a reduction of TGRLs
and an elevation of HDL-cholesterol level, suggesting
that these complex changes may contribute to the
improvement of arterial stiffness.

Furthermore, experimental studies have shown
that PPARs regulate the expression of key proteins
involved in all stages of atherogenesis including vascu-
lar inflammation, suggesting that PPARs exert direct
antiatherogenic actions at the level of the vascular wall.
Kitajima et a/*® reported that a PPAR« agonist reduced
the secretion of IL-6 and IFN-y through inactivation
of NF-«B in human coronary endothelial cells, with-
out affecting cell proliferation or tube formation. Zah-
radka et al* reported that a PPARa agonist attenu-
ated smooth muscle cell (SMC) migration probably by
reducing matrix metalloproteinase-9 production, which
is known to cause aberrant movement of SMCs in ath-
erosclerotic lesions. Our current data showed no rela-
tionships between CAVI reduction and other factors,
suggesting that the direct vascular effects of fibrates
may contribute to the improvement of arterial stiff-
ness.

Several studies have reported that bezafibrate im-
proves glucose metabolism through up-regulation of
insulin sensitivity, especially in patients with metabolic
syndrome®” V. In the present study, bezafibrate ther-
apy significantly decreased HbAlc level accompanied
by reduction of TGRLs and increase of HDL-choles-
terol in diabetic subjects with a high rate of obesity,
consistent with previous reports. These results support
previous evidence that fibrates potently prevent car-
diovascular events in patients with diabetes and obe-
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sity. Taken together, improvement of glucose metabo-
lism observed in this study may ameliorate arterial
stiffness.

Our study has several limitations. Firstly, medica-
tion adherence may have affected the results in this
study because we conducted neither a measurement of
serum EPA levels nor a study of medication adher-
ence. Secondly, the sample size was too small. Thirdly,
this was an open-label study with potential selection
bias. Finally, baseline HDL-cholesterol and APO A-2
levels were slightly higher (not significant) in the bezaf-
ibrate group than in the EPA group. Those differences
may have affected the results in this study. Thus, a
double-blind study with a large sample size will be
necessary to confirm our results.

Conclusion

In conclusion, the effects of bezafibrate treatment
in ameliorating arterial stiffness, improving glucose and
lipid metabolism, and reducing oxidative stress poten-
tially have important beneficial health consequences
for cardiovascular disease prevention in hypertriglycer-
idemic patients with type 2 diabetes.
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