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Familial dysbetalipoproteinemia (FD) is a genetic disor-
der characterized by accumulation of atherogenic lipopro-
tein remnants in the circulation (1). FD is associated with 
mutations in the APOE gene, which is involved in he-
patic remnant clearance. Mutations in APOE can cause de-
creased hepatic receptor binding, which leads to reduced 
clearance and subsequent increased plasma levels of 
remnants. High remnant cholesterol and high levels of 
non-HDL-cholesterol (non-HDL-C) [non-HDL-C = total 
cholesterol (TC) minus HDL-C] are associated with in-
creased CVD risk (2, 3). The prevalence of FD in the gen-
eral population is approximately 1 in 850 individuals (4, 5).
The treatment target in FD is non-HDL-C instead of 

LDL-cholesterol (LDL-C) (6) because FD patients usually 
have low to normal LDL-C plasma levels and normal HDL-C 
concentration (7). LDL-C is low because the conversion 
of VLDL to LDL-C is decreased (8). The recommended 
treatment in guidelines for FD is statin/fibrate combina-
tion therapy because statins increase hepatic LDL uptake, 
reduce VLDL production, and decrease CVD risk, while fi-
brates reduce triglycerides (TGs) (9, 10). However, in clinical 
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practice only 10% of the FD patients are treated with 
statin/fibrate combination (6), which is probably due to an 
ongoing debate about the efficacy of fibrate therapy in re-
ducing clinical endpoints in patients with T2D (11) and 
the risk of adverse events, such as myalgia and rhabdomy-
olysis during statin/fibrate combination therapy (12). Fur-
thermore, clinical trial evidence to substantiate treatment 
decisions in FD is scarce. Two clinical trials that included  
a total of 31 FD patients showed that statin/fibrate combi-
nation therapy decreased fasting levels of TC, TG, and 
VLDL-cholesterol (VLDL-C) in 12 patients that remained 
hypercholesterolemic on monotherapy with either fibrate 
or statin (13, 14). With regard to postprandial lipids, a study 
that evaluated the effect of statins on postprandial fat 
clearance in five FD patients showed significant reductions 
in both VLDL synthesis and absolute cholesterol absorp-
tion compared with no statin treatment, but no improvement 
in the delayed postprandial fat clearance (15). Fenofibrate 
has been shown to reduce postprandial TG compared with 
placebo in patients with T2D, but has not been investigated 
in FD (16).
To assess whether addition of bezafibrate (400 mg daily) 

to standard lipid-lowering therapy would reduce fasting 
and post-fat load lipid levels compared with placebo in FD, 
we performed a randomized placebo-controlled double-
blind crossover study.

MATERIALS AND METHODS

Patients
Study subjects were recruited from the outpatient clinic of the 

Department of Vascular Medicine at the University Medical Cen-
ter Utrecht for hyperlipidemia or primary/secondary prevention 
of vascular disease. In total, 15 patients were included. After ge-
netic confirmation of FD, the treating physician approached the 
patients to participate in the study. Inclusion criteria were a ge-
netically confirmed 22 genotype or autosomal dominant muta-
tion in the apoE gene (APOE) in combination with (at least) one 
of the following clinical characteristics: (history of) presence of 
xanthoma, apoB/TC ratio <0.15, or use of lipid-lowering medica-
tion. All patients were over 18 years and received standard treat-
ment for FD, which included lifestyle measures with or without 
pharmacological therapy with statin and/or ezetimibe. Women 
were only included if they were postmenopausal. Exclusion crite-
ria were: current use of or intolerance to fibrates; use of oral anti-
coagulants; history of cholelithiasis or previous cholecystectomy; 
uncontrolled diabetes mellitus [glycated hemoglobin (HbA1c) 
>69 mmol/mol]; increased hepatic enzymes (>1.5 times upper 
limit of normal); impaired renal function [estimated glomerular 
filtration rate (eGFR) <60 ml/min/1.73 m2]; increased levels of 
creatinine kinase (CK) (CK >3 × upper limit of normal); or use of 
a cytochrome P450 3A4 inhibitor. The study was conducted in ac-
cordance with the principles of the Declaration of Helsinki and 
Good Clinical Practice. The Medical Ethics Review Committee of 
the institution approved the study and all participants provided 
written informed consent prior to study enrollment.

Study design
The study was a monocenter randomized double-blind placebo-

controlled crossover study. Randomization for treatment order 

was performed in blocks of four. Patients and staff were blinded 
for treatment order and outcome measures. Participants received 
bezafibrate [400 mg (slow-release)] once daily in the morning for 
a period of 6 weeks and placebo once daily for a period of 6 weeks 
in random order (Fig. 1). A washout period of 2 weeks without 
study medication controlled for carryover effects because the 
half-life of bezafibrate is short (4 h) (17). Patients were instructed 
not to change their diet, alcohol use, medication use, or physical 
activity during the study.
At the start of the first treatment period (baseline) and after 

both treatment periods, patients visited the hospital to receive an 
oral fat load after an overnight fast. The fat load consisted of un-
sweetened fresh cream with a fat content of 35% (mass/volume). 
Cream was administered at a dose of 110 g of fat per square meter 
of body surface area, with a maximum of 500 ml. Before and 2, 3, 
4, and 6 h following the fat load, venous blood samples were col-
lected. During this period patients were allowed to drink water. 
Endpoints were (incremental) post-fat load and fasting concen-
trations of non-HDL-C, TG, TC, HDL-C, apoB, insulin, glucose, 
and high sensitive C-reactive protein (hsCRP). Safety and tolera-
bility were also assessed.

The sample size was based on an expected reduction in (incre-
mental) postprandial non-HDL-C of 15% for bezafibrate com-
pared with placebo and a median Cohen’s effect size. The 15% 
reduction was based on the observation that adding fenofibrate to 
atorvastatin led to an additional postprandial TG reduction of 
25% (11, 18). For a parallel group design with a power of 80%, 
this resulted in a sample size (N) of 92 patients. To calculate the 
sample size for a crossover design, we used the formula [(1  ) × 
N]/2 with 0.7 for , the correlation between measurements (19). 
This resulted in a required sample size of 14 patients for this trial, 
but 15 patients were included to compensate for any loss-to-follow 
up during the study.

Definitions and measurements
CVD at baseline was defined as a history of coronary artery dis-

ease (angina pectoris, myocardial infarction, coronary artery by-
pass graft or percutaneous intervention), cerebrovascular disease 
accident (stroke or transient ischemic attack), peripheral arterial 
disease (leg claudication or peripheral revascularization), or ab-
dominal aorta aneurysm. T2D was defined as self-reported pres-
ence of T2D, use of glucose-lowering agents, a fasting plasma 
glucose level 7.0 mmol/l, or HbA1c >48 mmol/mol at screen-
ing (20). Hypertension was defined as self-reported presence of 
hypertension, use of antihypertensive agents, or a high blood 
pressure (BP) at baseline (systolic BP 140 mmHg or diastolic BP 
90 mmHg). BP was measured once at the upper right and left 
arm using the appropriate cuff size. The mean of the two mea-
surements was reported. BMI was calculated by dividing mass (in 
kilograms) by height (in meters) squared. Waist circumference 
(WC) was measured halfway between the lower costal margin and 
the iliac crest when standing. Metabolic syndrome was defined, 
using the ATP III criteria, as having at least three of the following 
metabolic abnormalities (21): WC >102 cm for males and >88 cm 
for females; fasting TGs 1.7 mmol/l (150 mg/dl); HDL-C <1.03 
mmol/l (40 mg/dl) for males and HDL-c <1.29 mmol/l (50 mg/dl) 
for females; systolic BP 130 mmHg or diastolic BP 85 mmHg; 
fasting plasma glucose 5.6 mmol/l. Insulin resistance was ex-
pressed as homeostasis model assessment parameter of insulin re-
sistance (HOMA-IR). HOMA-IR was calculated as fasting serum 
glucose (mmol/l) × fasting serum insulin (mIU/l)/22.5 (22).

Laboratory analyses
Laboratory samples were analyzed on coded specimens without 

knowledge of treatment allocation. TC, TG, and fasting glucose 



2182 Journal of Lipid Research  Volume 58, 2017

were measured with a commercial enzymatic dry chemistry kit 
(Johnson & Johnson, New Brunswick, NJ) and HDL-C was mea-
sured with a commercial enzymatic kit (Boehringer, Mannheim, 
Germany). Non-HDL-C was calculated as TC minus HDL-C. 
HbA1c was measured using high-performance liquid chromatog-
raphy on a HA-8180 analyzer (Menarini Diagnostics, Florence, 
Italy). Insulin was measured with an immunometric technique on 
an IMMULITE 1000 analyzer (Diagnostic Products Corporation, 
Los Angeles, CA). Serum hsCRP was measured by immunoneph-
elometry (Nephelometer Analyzer BN II; Dade-Behring, Germany). 
Thyroid stimulating hormone measurements were done by a Dxi 
analyzer (Beckman Coulter, Woerden, The Netherlands). Creati-
nine, CK, aspartate aminotransferase (AST), and alanine amino-
transferase (ALT) were measured with an enzymatic colorimetric 
assay (DxAU 5811; Beckman Coulter, Brea, CA). The eGFR was 
estimated with the modification of diet in renal disease (MDRD) 
formula (23).

Data analyses
Baseline variables were presented as mean with standard devia-

tion or median with interquartile range (IQR) when appropriate. 
Categorical variables were shown as number with percentage. 
Post-fat load lipids were expressed as area under the curve (AUC) 
and incremental area under the curve (iAUC). AUC (in milli-
moles per hour per liter) was calculated with the trapezoid rule 
for post-fat load measurements (at 0, 2, 3, 4, and 6 h). The iAUC 
was calculated to adjust the AUC for the fasting value by subtract-
ing six (hours) × the fasting value (at timepoint 0) from the AUC.

Differences in mean iAUC, AUC, and fasting values between 
the two treatment arms were calculated using a paired t-test or a 
Wilcoxon signed rank sum test in case of nonlinearity. Carryover 
and period effects were assessed with an independent samples 
t-test. There were no missing values. P < 0.05 was considered 
statistically significant. For the statistical analyses, R version 3.1.1 
(R Development Core Team, Vienna, Austria) and SPSS version 21 
(Chicago, IL) were used.

RESULTS

Baseline characteristics
Fifteen patients were included, 2 women and 13 men 

(Table 1). The mean age was 61.5 ± 10.0 years. One patient 
had a dominant type of FD (K146Q mutation) and 14 pa-
tients had a 22 genotype. Four patients had (a history of) 
xanthoma. Four patients had T2D, four patients had hyper-
tension, and five patients had a history of CVD. Lipid-
lowering medication consisted of statin only (N = 8) or 
statin plus ezetimibe (N = 5). Two patients were on a low-
fat diet only. The BMI was 27.1 ± 2.0 kg/m2.

Post-fat load lipids
Addition of bezafibrate to standard lipid-lowering treat-

ment did not reduce non-HDL-C iAUC compared with 
placebo (1.78 ± 4.49 mmol·h/l vs. 1.03 ± 2.13 mmol·h/l, 
P = 0.57), but did decrease TG iAUC (8.05 ± 3.32 mmol·h/l 
vs. 10.61 ± 5.92 mmol·h/l, P = 0.03) and apoB iAUC (0.64 ± 
0.62 g·h/l vs. 0.93 ± 0.71 g·h/l, P = 0.01) (Fig. 2). Bezafi-
brate also increased insulin iAUC (21.9 ± 14.7 mIU·h/l vs. 
4.0 ± 28.5 mIU·h/l, P = 0.03) and HOMA-IR (4.40 ± 4.11 
vs. 0.37 ± 6.92, P = 0.03). No differences in iAUC of TC, 
HDL-C, glucose, or hsCRP were observed (Table 2). There 
were no carry-over (P = 0.23) or period effects (P = 0.50).
The AUC of non-HDL-C was significantly reduced by ad-

dition of bezafibrate compared with placebo (16.4 ± 4.7 
mmol·h/l vs. 22.2 ± 7.6 mmol·h/l, P = 0.002), as were TG 
AUC (15.8 mmol·h/l, IQR 14.0–22.2 mmol·h/l vs. 24.5 
mmol·h/l, IQR 19.3–31.3 mmol·h/l, P < 0.001), TC AUC 

Fig.  1.  Study design.

TABLE  1.  Baseline characteristics

All Patients (n = 15)

Age (years) 61.5 ± 10.0
Male sex (N, %) 13 (87)
APOE genotype
  22 14 (93)
  Dominant 1 (8)
History of xanthoma (N, %) 4 (27)
CVD 5 (33)
  CAD (N, %) 1 (7)
  PAD (N, %) 1 (7)
  CVA (N, %) 2 (13)
  AAA (N, %) 1 (7)
Current smoking (N, %) 0 (0)
T2D (N, %) 4 (27)
Hypertension (N, %) 4 (27)
Metabolic syndrome (N, %) 9 (60)
Family history of CVD (N, %) 5 (33)
Lipid-lowering treatment
  Diet only (N, %) 2 (13)
  Statin only (N, %) 8 (53)
  Statin + ezetimibe (N, %) 5 (33)
BMI (kg/m2) 27.1 ± 2.0
WC (cm) 101 ± 7
Systolic BP (mmHg) 138 ± 13
Diastolic BP (mmHg) 86 ± 7
HbA1c (mmol/mol) 37.3 ± 4.0
Creatinine (µmol/l) 76 ± 13
eGFR (ml/min/1.73 m2) 85 ± 7
CK (U/l) 136 ± 47
AST (U/l) 35 ± 7
ALT (U/l) 34 ± 13
Thyroid stimulating hormone (mIU/l) 1.90 ± 1.16

CAD, coronary artery disease; PAD, peripheral artery disease; CVA, 
cerebrovascular accident; AAA, abdominal aorta aneurysm.
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(24.9 ± 5.5 mmol·h/l vs. 29.8 ± 8.5 mmol·h/l, P = 0.007), and 
apoB AUC (3.55 ± 0.97 g·h/l vs. 4.53 ± 1.41 g·h/l, P < 0.001; 
Table 3). The HDL-C AUC was increased (8.33 ± 1.55 
mmol·h/l vs. 7.34 ± 1.81 mmol·h/l, P < 0.001). No differ-
ences in the AUC of glucose, insulin, HOMA-IR, or hsCRP 
were observed.

Fasting lipids
Treatment with bezafibrate significantly lowered fasting 

plasma concentrations of non-HDL-C (2.43 ± 0.96 mmol/l 
vs. 3.53 ± 1.35 mmol/l, P = 0.008), TG (1.50 mmol/l, 
IQR 1.20–1.90 mmol/l vs. 2.60 mmol/l, IQR 2.19–3.40 
mmol/l; P = 0.001), TC (4.02 ± 0.91 mmol/l vs. 4.78 ± 
1.42 mmol/l, P = 0.014), and apoB (0.49 ± 0.10 g/l vs. 0.60 ± 
0.17 g/l, P = 0.002) compared with placebo (Table 4). 
HDL-C levels were significantly increased compared 
with placebo (1.38 ± 0.27 mmol/l vs. 1.25 ± 0.32 mmol/l, 

P = 0.002). Bezafibrate reduced fasting insulin levels com-
pared with placebo (9.9 mIU/l, IQR 8.2–12.5 mIU/l vs. 
12.0 mIU/l, IQR 10.8–17.5 mIU/l; P = 0.045), but did not 
affect fasting glucose or hsCRP levels.

Safety and tolerability
All 15 patients completed both treatment periods. Bezaf-

ibrate was generally well-tolerated. There were no serious 
adverse events and none of the patients discontinued treat-
ment. Side effects occurred in seven patients (supplemental 
Table S1), of whom one developed myalgia in combination 
with CK 1,781 U/l. Bezafibrate was associated with higher 
serum creatinine compared with placebo (86.2 ± 14.7 
umol/l vs. 76.1 ± 10.3 umol/l, P < 0.001) and an accompa-
nying lower eGFR (78.4 ± 11.4 ml/min/1.73 m2 vs. 86.13 ± 
5.85 ml/min/1.73 m2, P = 0.002). Other safety parameters 
did not differ between bezafibrate and placebo (Table 5).

Fig.  2.  Post-fat load lipid levels (with 95% CI) after treatment with bezafibrate (triangles) and placebo (squares).
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DISCUSSION

In this study, we investigated adding bezafibrate to stan-
dard lipid-lowering therapy on fasting and post-fat load 
lipid levels in patients with FD. Adding bezafibrate did not 
reduce post-fat load nonHDL-C iAUC, but did reduce post-
fat load iAUC of TG and apoB compared with placebo. Fur-
thermore, bezafibrate significantly improved the post-fat 
load AUC, as well as fasting plasma levels of non-HDL-C, 
TG, TC, HDL-C, and apoB. Bezafibrate lowered fasting 
insulin levels and increased the iAUC, but not the AUC, of 
insulin and HOMA-IR. Post-fat load and fasting glucose 
and hsCRP were not affected. Finally, bezafibrate was asso-
ciated with a reduced eGFR.

After an oral fat load, the production of chylomicrons 
(CMs) in the intestine and hepatic production of VLDLs is 
increased, which is reflected by postprandial hypertriglyc-
eridemia that also includes remnants of these TG-rich li-
poproteins, while TC and LDL-C change little (24). The 
transport of the biliary and administered cholesterol in CMs 
after the oral fat load was expected to be similar between 
the two groups, as suggested by the unchanged non-HDL-
C iAUC. Nonfasting hypertriglyceridemia (>5 mmol/l) 
is associated with a 17-fold increased risk of myocardial in-
farction, a 5-fold increased risk of ischemic stroke, and a 
4-fold increased risk of death in the general population 
(25). Nonfasting TG remains an independent risk factor 
for CVD, even after adjustment for TC, HDL-C, and insu-
lin resistance, in contrast to fasting TG levels (26), prob-
ably because it reflects impaired clearance and remnant 
accumulation. Because TG is not present in atherosclerotic 
plaques, the association between plasma TG and CVD is 
more likely mediated by remnants and their cholesterol 

(27). Remnant lipoproteins are the residues of CMs and 
VLDL after lipolysis of their TG content. Like LDL parti-
cles, remnants contain apoB and are small enough to pene-
trate the vascular wall, to evoke an inflammatory reaction 
characteristic of atherosclerotic plaques (25). ApoB con-
centration is associated with CVD risk (3) because it re-
flects the number of LDL and remnant lipoproteins 
(28). FD patients have an impaired postprandial clearance 
of remnant lipoproteins, as expressed by high post-fat load 
TG and cholesterol levels (29). Fenofibrate is associated 
with a decrease in postprandial TG and apoB48 in hypertri-
glyceridemic subjects (16), which is in line with the present 
study where we show that addition of bezafibrate to stan-
dard lipid-lowering therapy reduced post-fat load levels of 
TG and apoB, indicating improved postprandial clearance 
of remnant lipoproteins.
Studies in FD patients that compared statin to fibrate 

therapy found that statins lower LDL-C levels and, to a 
lesser degree, TG, but do not increase HDL-C, while fi-
brates improve TG and HDL-C, but not LDL-C (30–32). 
Both statins and fibrates reduce apoB, although statins re-
duce apoB more effectively (33% vs. 17%) (32). Adding a 
fibrate to statin therapy in FD patients resulted in improved 
fasting levels of TC, TG, and HDL-C compared with statin 
monotherapy, but these changes were nonsignificant (13, 
14), which was probably due to insufficient power because 
fibrate was only added in patients who did not sufficiently 
respond to statin monotherapy. In general, the European 
dyslipidemia guideline recommends initiating treatment 
for hypertriglyceridemia when TG levels are >2.3 mmol/l 
(10). The guideline mentions that, in FD, “most cases re-
spond well to treatment with a statin or, if dominated by 
high TG, a fibrate”; and that “often a combination of a 

TABLE  2.  Post-fat load iAUC after 6 weeks of bezafibrate compared with placebo

Placebo iAUC Bezafibrate iAUC P

Non-HDL-C (mmol·h/l) 1.03 ± 2.13 1.78 ± 4.49 0.5719
TG (mmol·h/l) 10.61 ± 5.92 8.05 ± 3.32 0.0266a

TC (mmol·h/l) 1.18 ± 1.44 0.76 ± 0.69 0.3491
HDL-C (mmol·h/l) 0.16 ± 0.42 0.03 ± 0.24 0.0717
apoB (g·h/l) 0.93 ± 0.71 0.64 ± 0.62 0.0098a

Glucose (mmol·h/l) 2.78 ± 2.26 1.88 ± 1.47 0.1565
Insulin (mIU·h/l) 4.0 ± 28.5 21.9 ± 14.7 0.0275a

HOMA-IR 0.37 ± 6.92 4.40 ± 4.11 0.0304a

hsCRP (mg·h/l) 0.54 ± 0.98 0.02 ± 1.14 0.3036

Data are expressed as mean ± SD.
aP < 0.05.

TABLE  3.  Post-fat load AUC after 6 weeks of bezafibrate compared with placebo

PlaceboAUC BezafibrateAUC P

Non-HDL-C (mmol·h/l) 22.2 ± 7.6 16.4 ± 4.7 0.0022a 
TG (mmol·h/l) 24.5 (19.3–31.3) 15.8 (14.0–22.2) 0.0001a

TC (mmol·h/l) 29.8 ± 8.5 24.9 ± 5.5 0.0070a

HDL-C (mmol/l) 7.34 ± 1.81 8.33 ± 1.55 <0.0001a

ApoB (g·h/l) 4.53 ± 1.41 3.55 ± 0.97 0.0007a

Glucose (mmol·h/l) 31.98 ± 3.45 32.56 ± 3.47 0.3938
Insulin (mIU·h/l) 83.5 (63.0–115.2) 81.4 (66.7–112.2) 0.8469
HOMA-IR 21.2 (15.4–26.9) 19.7 (15.5–25.8) 0.9341
hsCRP (mg·h/l) 8.30 (6.13–18.42) 8.80 (5.63–13.27) 0.7615

Data are expressed as mean ± SD or median (IQR).
aP < 0.05.
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statin and a fibrate may be needed” (10, p.3036–3037). 
Our study is the first that compared the effect of adding a 
fibrate to standard lipid-lowering therapy on post-fat load 
and fasting lipids in all FD patients and showed a signifi-
cant beneficial effect on postprandial TG and apoB levels 
and on fasting non-HDL-C, TG, TC, HDL-C, and apoB lev-
els. The lipid-lowering effect of bezafibrate that was ob-
served is in line with a meta-analysis of 20 trials that included 
25,655 patients (including 4,984 patients on bezafibrate) 
and showed that fibrates reduce (fasting) plasma TG and 
TC and increase HDL-C (33) and a postprandial study that 
found increased lipolysis and remnant removal by bezafi-
brate in patients with diabetes mellitus (34). Fasting non-
HDL-C, TG, and apoB concentrations are associated with 
increased CVD risk (35) and the decrease in these bio-
markers found in this study might therefore indicate CVD 
risk reduction by bezafibrate in FD.
Bezafibrate is a pan-PPAR agonist that affects lipid 

metabolism and also improves glucose uptake and re-
duces hepatic glucose production (36). Lipid metabolism 
is mainly influenced by PPAR- agonism, while effects on 
glucose metabolism are mediated by PPAR- agonism (37). 
These findings are in line with our observation that fasting 
insulin was lower after bezafibrate treatment compared 
with placebo, as was observed in T2D patients (38). Inter-
estingly, we also found increased incremental post-fat load 
insulin levels after bezafibrate therapy. T2D is associated 
with an impaired incretin response leading to reduced 
pancreatic insulin secretion shortly after a meal (first hour) 
(39, 40). A study in diabetic mice showed that bezafibrate 
improved the efficacy of incretin-based therapies leading 
to improved glycemic control and pancreatic -cell mor-
phology (41). The actual exposure of a patient to insulin is 
expressed by the AUC, which was the same between bezafi-
brate and placebo in our study. This is in line with a study 
in T2D patients (38), but in contrast to a study in mildly 

hypertriglyceridemic patients that found a decrease in in-
sulin AUC (42).
The utility of adding fibrate to statin therapy to reduce 

CVD is debated due to the results of the ACCORD random-
ized trial, in which no reduction in major cardiovascular 
events was found in patients with T2D when fenofibrate 
was added to statin therapy (11). FD was not specifically 
identified in such studies to evaluate cardiovascular risk. A 
large meta-analysis of fibrate studies showed that fibrates 
decreased the risk of nonfatal myocardial infarction [hazard 
ratio (HR) 0.78, 95% CI 0.69–0.89], but not all-cause mor-
tality (HR 1.05, 95% CI 0.95–1.15) (33), but effects of 
fibrate/statin combination therapy were not reported. 
Bezafibrate has been shown to reduce thoracic and abdom-
inal aorta plaque volumes measured with MRI in patients 
with dyslipidemia and hypertriglyceridemia without CVD 
(17). Furthermore, meta-analyses in patients with high 
plasma TG or atherogenic dyslipidemia (high TG, low 
HDL-C) with and without diabetes and from both primary 
and secondary prevention showed that fibrates significantly 
decreased CVD in these subgroups (43, 44). This subgroup 
effect was also found in ACCORD (11). FD patients usually 
have high TG levels and it is therefore reasonable to hy-
pothesize that bezafibrate added to standard lipid-lowering 
therapy reduces CVD risk in FD. This hypothesis should be 
tested in a randomized clinical trial.
In the present study, it was shown that bezafibrate was 

associated with a lower eGFR compared with placebo. This 
is a common finding in patients on fibrates and the de-
creased kidney function is reversible after cessation of ther-
apy (45). The mechanism by which fibrates increase serum 
creatinine is not clearly understood. It is most likely due to 
a direct effect of fibrates on kidney function, because the 
rise in creatinine is accompanied by a rise in cystatin C, a 
marker for renal function. The decrease in kidney function 
might be due to decreased renal blood flow caused by a 

TABLE  4.  Fasting concentrations after 6 weeks of bezafibrate compared with placebo

Placebo Bezafibrate P

Non-HDL-C (mmol/l) 3.53 ± 1.35 2.43 ± 0.96 0.0079a 
TG (mmol/l) 2.60 (2.19–3.40) 1.50 (1.20–1.90) 0.0012a

TC (mmol/l) 4.78 ± 1.42 4.02 ± 0.91 0.0144a

HDL-C (mmol/l) 1.25 ± 0.32 1.38 ± 0.27 0.0017a

ApoB (g/l) 0.60 ± 0.17 0.49 ± 0.10 0.0020a

Glucose (mmol/l) 5.79 ± 0.77 5.74 ± 0.64 0.6796
Insulin (mIU/l) 12.0 (10.8–17.5) 9.9 (8.2–12.5) 0.0445a

HOMA-IR 3.1 (2.7–4.3) 2.9 (2.1–3.2) 0.1726
hsCRP (mg/l) 1.40 (1.05–3.10) 1.40 (0.95–2.40) 1.00

Data are expressed as mean ± SD or median (IQR).
aP-value <0.05.

TABLE  5.  Safety outcomes after 6 weeks of bezafibrate compared with placebo (n = 15)

Placebo Bezafibrate P

AST (U/l) 34.1 ± 8.2 44.4 ± 40.2 0.3405
ALT (U/l) 30.7 ± 11.8 31.1 ± 9.6 0.9259
CK (U/l) 124 (103–143) 139 (103–194) 0.1182
Creatinine (mol/l) 76.1 ± 10.3 86.2 ± 14.7 0.0005a 
eGFR (ml/min/1.73 m2) 86.13 ± 5.85 78.4 ± 11.4 0.0021a

Data are expressed as mean ± SD or median (IQR).
aP < 0.05.
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PPAR--mediated decrease in synthesis of vasodilatory 
prostaglandins (46). A study in patients with an eGFR 
within the normal or mildly impaired range found a de-
creased incidence of CVD of 3% (P < 0.001) with every 
10 ml/min/1.73 m2 eGFR increase (47), indicating the ben-
eficial effect of a higher eGFR. However, in patients with 
chronic kidney failure, fibrates were associated with a re-
duction in cardiovascular death (HR 0.60, 95% CI 0.38–0.98) 
and did not confer an increased risk of end-stage renal 
disease (HR 0.85, 95% CI 0.49–1.49) despite a decreased 
eGFR (2.67 ml/min/1.73 m2, P = 0.01) (48). These stud-
ies indicate that, although kidney function should be 
closely monitored, mildly reduced kidney function per se is 
not a contra-indication for the use of fibrates. Besides this, 
four patients in the present study developed myalgia, with 
one of them having increased serum CK levels. The combi-
nation of fibrate and statin is associated with a higher inci-
dence of myalgia and rhabdomyolysis (12), although the 
latter is rare. During statin/fibrate combination therapy, 
monitoring of kidney function, muscle-related side effects, 
and CK levels is recommended.

The strength of this study is that data were complete and 
all participants completed both treatment periods of the 
crossover study. A potential limitation of this study is the 
small sample size, although the crossover design greatly 
improves efficacy and reduces variation between groups. 
Nevertheless, the sample size limits the possibilities for 
subgroup analyses. Furthermore, no information on the 
TG and cholesterol content of VLDL was available and no 
direct LDL measurements were performed. Although this 
information could have improved the understanding of 
the specific lipid effects of bezafibrate and statins, these 
measurements are usually not available in routine clinical 
practice. This is also true for urea and cystatin C, which 
could have increased our understanding of the mechanism 
behind the eGFR lowering of bezafibrate. Lastly, the num-
ber of women in this trial was small and, therefore, gener-
alization to female FD patients should be done with care.
In conclusion, in patients with FD, the addition of bezafi-

brate to standard lipid-lowering therapy resulted in lower 
fasting and post-fat load plasma lipids, which may signifi-
cantly affect atherogenesis in FD. Combination therapy 
of statin/fibrate could be considered as standard lipid-
lowering treatment in FD patients.
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