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Abstract

The association between insulin resistance and lipid dysmetabolism after consuming a meal is unclear. We aimed at assessing
the effects of ezetimibe on postprandial hyperlipidemia and hyperinsulinemia and to find out whether the medication improves
endothelial function in obese metabolic syndrome (MetS) patients with coronary artery disease (CAD). We obtained oral fat
loading test results (4 and 6 h after load) and brachial flow-mediated vasodilation (FMD) measurements before and 24 weeks
after ezetimibe treatment initiation from 27 MetS patients with CAD and from 68 control patients with CAD alone. Serum
triglyceride (TG) and insulin levels (2 h after the loading dose) were significantly higher in MetS patients than in control
patients. The incremental areas under the curve (JAUCs) for these levels decreased significantly after ezetimibe treatment
in MetS patients but not in control patients. Treatment with ezetimibe resulted in significant FMD changes in MetS patients
(from 3.4 to 4.9%, P=0.002), but not in control patients (from 5.1 to 5.4%, P=0.216). When MetS patients were divided
into two groups based on the median insulin /AUC reduction rate (higher group > 34%, n=14; lower group < 34%, n=13),
those in the higher group showed a significantly higher rate of change in the i{AUCs of TG and FMD than those in the lower
group (TG, 31.0% vs. 10.8%; P=0.033; FMD, 39.2% vs. 9.8%; P=0.037). These results suggest that ezetimibe may reverse
insulin resistance, reducing lipid dysmetabolism after a meal and endothelial dysfunction in MetS patients with CAD.

Keywords Ezetimibe - Postprandial hyperlipidemia - Postprandial hyperinsulinemia - Insulin resistance - Flow-mediated
vasodilation

Introduction a meal may also predispose to atherosclerosis development

[8]. Both postprandial hyperlipidemia and hyperinsulinemia

Postprandial hyperlipidemia is characterized by pronounced
and prolonged high serum levels of triglyceride (TG) and
excess TG-rich lipoproteins with their partially hydrolyzed
products (chylomicron and very low-density-lipoprotein
remnants) [1-3]. This dysmetabolism plays a role in the
progression or vulnerability of atheromatous plaques [1, 4,
5] and is a potent risk factor for coronary artery disease
(CAD) independent of the low-density-lipoprotein choles-
terol (LDL-C) levels [6, 7]. High serum insulin levels after
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have been observed accompanying metabolic syndrome
(MetS) [9], a pathological clustering of metabolic compo-
nents including glucose intolerance and dyslipidemia [10]
that increases the risk of cardiovascular diseases [11, 12].
Ezetimibe, a lipid-lowering drug that selectively inhib-
its intestinal cholesterol absorption by binding to the Nie-
mann—Pick Cl-like 1 (NPCI1L1) protein [13], reduces the
serum levels of LDL-C and fasting TG, especially when
used with statins [14]. But reports indicating a postpran-
dial hyperlipidemia reduction by ezetimibe [9, 15, 16] did
not evaluate its effect on postprandial lipid dysmetabolism
in patients with MetS. Insulin resistance (impaired insulin
sensitivity) is an underlying mechanism of MetS [17, 18].
Ezetimibe also reduces insulin resistance marker levels like
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the homeostasis model assessment of insulin resistance
(HOMA-IR) [19, 20]; however, little is known regarding its
effects on postprandial hyperinsulinemia.

We previously reported that the insulin resistance showed
a close relationship with postprandial hyperlipidemia in
CAD patients with diabetes mellitus (DM) [21]. To exam-
ine whether insulin resistance could impact on postprandial
hyperlipidemia or hyperinsulinemia even without DM, we
enrolled MetS patients without DM (study group) and com-
pared to non-MetS patients without DM who were served as
control in this study. Our primary endpoint was to estimate
the postprandial hyperlipidemia and hyperinsulinemia in
study group, and the effect of ezetimibe on these conditions
after the meal. Secondary endpoint was to examine whether
flow-mediated vasodilation (FMDs) for assessment of
endothelial function [22] could be improved in study group,
and to determine the association between reduced postpran-
dial hyperinsulinemia and postprandial hyperlipidemia or
improved FMD.

Methods

We conducted 24 week, prospective, open-label, single-
center studies from June 2016 to September 2017 to examine
the effects of ezetimibe on postprandial hyperlipidemia and
its association with insulin resistance in men with MetS and
CAD receiving statin therapy. We followed the principles
of the Declaration of Helsinki, explained the protocol to the
participants, and obtained signed written informed consents.
The ethics committee of the Iwate Prefectural Central Hos-
pital approved the study’s protocol.

Study patients

We enrolled 95 men who presented consecutively with stable
angina pectoris on atorvastatin prescriptions (10 mg, daily
once) and who had angiographically confirmed CADs. This
group included 27 patients with MetS (MetS group, mean
age 66.2 +9.8 years) and 68 patients without MetS matched
by age (control group, mean age 67.5+9.4 years) who were
tested with loading doses of high-fat and high-glucose meals
before and 24 weeks after ezetimibe treatment initiation. In
this study, all patients were male to rule out any estrogen
effects on postprandial lipid metabolism. We also excluded
patients with: (1) type 1 or 2 DM; (2) gastrointestinal disease
limiting drug absorption or partial ileal bypass; (3) major
surgery within 6 months of enrollment, concomitant inflam-
matory disease, or malignant tumors; (4) congestive heart
failure, active liver disease, or hepatic dysfunction (alanine
aminotransferase or aspartate aminotransferase levels above
the normal ranges); (5) concurrent therapy with long-term

immunosuppressants; (6) familial hypercholesterolemia;
and (7) those taking lipid-lowering medications without
statins (e.g., eicosapentaenoic acid or docosahexaenoic acid
therapy).

Definitions

We defined MetS as the presence of two or more metabolic
abnormalities of the following three components, in addition
to visceral obesity (abdominal circumference > 85 cm in
males) based on the Japanese Committee for the Diagnostic
Criteria of MetS [23]:

1. TG 2> 150 mg/dL, high-density lipoprotein cholesterol
(HDL-C) < 40 mg/dL, and/or the use of medication for
dyslipidemia.

2. Blood pressure > 130/85 mmHg and/or the use of anti-
hypertensive medication.

3. Fasting plasma glucose (FPG) > 110 mg/dL and/or the
use of medication for DM.

We excluded patients with DM because DM alone may
be a risk factor for impaired postprandial lipid metabolism
and shows a close association with postprandial hyperinsu-
linemia [21]. DM was diagnosed according to the American
Diabetes Association (ADA) criteria [FPG level > 126 mg/
dL, a glycated hemoglobin Alc (HbAlc) level > 6.5%, and/
or the present use of hypoglycemic agents] [24]. DM and
MetS were not present in control patients.

Patients with stable angina pectoris had a history of
myocardial infarction, coronary artery bypass, percutane-
ous coronary intervention with or without stenting, or pre-
vious angiographically proven stenotic lesions > 75% in a
major epicardial coronary artery. They were also diagnosed
as being in a stable condition when chest pain was brought
on by exertion, resolved under nitrate therapy, and had no
characteristic changes (frequency, severity, duration, time
of appearance, and precipitating factors) for the previous
60 days [25].

High-fat loading test and blood sampling

Patients were administered an oral high-fat and high-glucose
meal [1003 kcal, 28.6 g of protein (11.4%), 62.4 g of lipid
(56.0%), 80.7 g of carbohydrate (32.2%), and 320.5 mg of
cholesterol (0.4%)] [21] for breakfast before and 24 weeks
after ezetimibe treatment initiation. The patients were
instructed were prohibited from exercising or consuming
food, caffeine, vitamins, or alcohol within 12 h before the
loading test starts. Patients were requested to consume the
meal within 30 min under stable conditions. Blood samples
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were collected during the fasting state just before the test
and at 0, 2, 4, and 6 h after loading. Sera were immediately
separated by low-speed centrifugation (3000 rpm for 15 min
at 4 °C) and kept at— 80 °C until processed. A commercial
laboratory (SRL, Tokyo, Japan) determined serum TG levels
by enzymatic methods, serum LDL-C and HDL-C levels by
a direct method, serum apolipoprotein A-I and apolipopro-
tein B (Apo B) levels by an immunoturbidity method, and
serum remnant-like particle cholesterol (RLP-C) levels by
the immunoaffinity isolation method. We avoided the Friede-
wald formula calculation for serum LDL-C levels because
the postprandial TG levels were predicted to be 400 mg/dL.

Plasma glucose and insulin levels were also measured
before and after the oral fat meal ingestion. Plasma insulin
levels were determined using chemiluminescent enzyme
immunoassay and HbA 1 levels using high-performance
liquid chromatography at our hospital laboratory. Each fast-
ing value was obtained before the loading test. The lipid and
glucose parameter areas under the curve (AUCs) were also
calculated using the trapezoidal method, and incremental
AUC:s (iAUCs) were calculated as total AUC minus the area
under the basal value. We estimated the following insulin
resistance parameters: (1) HOMA-IR (2) fasting insulin level
(3) insulin level 2 h after the test, and (4) iAUC_g,, for
plasma insulin [26]. HOMA-IR was calculated as [FPG (mg/
dL) X fasting plasma insulin (u[U/mL)/405] [27].

Brachial artery FMD measurement

We measured FMD for assessing endothelium-dependent vas-
cular function in the brachial artery after blood sampling 4 h
after the oral fat loading test. All patients sat in a quiet, air-
conditioned room with a stable temperature of 23 °C+1 °C
for 30 min before and during the measurement. Two trained
ultrasonographers blinded to the study details measured bra-
chial FMDs with a semi-automated edge detection system
device (UNEXEF18G; UNEX, Nagoya, Japan) in accord-
ance with guidelines [28]. Briefly, the technician scanned the
right brachial artery with a 10 MHz linear array transducer for
longitudinal and transverse high-resolution images with the
rested patient in a supine position. A sphygmomanometric cuff
attached to the UNEXEF18G was positioned around the right
forearm, and the ultrasonographer obtained artery images on
the proximal portion of the antecubital fossa. After obtaining
baseline images, the cuff was inflated to at least 50 mmHg
above the systolic blood pressure for 5 min and then deflated.
The ultrasonographer then obtained post-deflation arterial
images similar to those for reactive hyperemia and measured
artery diameters for 2 min with R-wave synchronized auto-
mated edge-detection software. Brachial artery FMD was cal-
culated as ([maximum — baseline diameter]/baseline diam-
eter) X 100%. We assessed inter- and intra-reader variabilities
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in 80 randomly selected and blinded FMD scan images. We
found no statistically significant differences between the first
and second %FMD measurements in both observers (— 0.15%;
95% CI —1.09 to 0.72%; 0.06%, 95% CI —0.84 to 0.51%) or
between the observers (— 0.07%, 95% CI —0.71 to 0.57%). The
repeatability of the measurement between the two observers
was high (r=0.86).

Statistical analysis

We determined sample size based on the published estimated
FMDs [29] and assumed a mean %FMD improvement at
2.5% with 2% standard deviation. For the two-sided test, we
required a minimum 10-patient sample size in each group for
detecting statistically significant differences in %FMD with
power of 90% and a-type error of 5%. We expressed values
as mean =+ standard deviation for continuous variables and
as numbers and percentages for categorical variables. We
assessed differences between the two groups using Student’s
unpaired ¢ or Mann—Whitney U tests for continuous variables
and Chi-square or Fisher’s exact tests for categorical variables.
We examined differences among multiple groups using the
one-way analysis of variance followed by the Tukey—Kramer
Honest significant difference test. We determined correlations
between two variables using simple linear regression analyzes.
A two-sided P value > 0.05 was considered statistically signifi-
cant. We performed all statistical analyzes with SPSS version
14.0 (SPSS, Chicago, IL, USA).

Results
Control and MetS groups’ baseline characteristics

Table 1 shows the patient baseline characteristics for the
control (n=68) and the MetS (n=27) groups. Body weight
(BW), body mass index (BMI), and abdominal circumfer-
ence values in the MetS group were significantly higher than
those in the control group. Overall, 89% of the patients in
the MetS and 65% in the control groups had hypertension.
The HbA1c and FPG levels did not differ significantly in the
MetS and control groups. The mean HOMA-IR in the MetS
group was significantly higher than that in the control group.
Even though all patients were on statins, LDL-C and RLP-C
levels in the MetS group were significantly higher than those
in the control group.

Postprandial lipid and glucose metabolism
before and after ezetimibe treatment

Table 2 summarizes changes in the lipid and glucose profiles
during the oral fat loading test before and after ezetimibe
treatment in the control and MetS groups. Serum TG and
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Table 1 Baseline characteristics Variables Control group (n=68) MetS group (n=27) P value
in the control and MetS groups
Age, years 67.5+9.4 66.2+9.8 0.745
BW (kg) 61.8+6.9 759+12.2 < 0.001
BMI (kg/m?) 229+1.8 28.0+3.2 <0.001
Abdominal circumference (cm) 79.6+5.1 97.1+9.7 < 0.001
Current or past smokers, n (%) 45 (66) 19 (70) 0.694
Hypertension, n (%) 44 (65) 24 (89) 0.018
SBP (mmHg) 129.2+15.4 137.3+14.4 0.033
DBP (mmHg) 72.8+11.2 83.9+11.8 0.026
Glucose markers
HbAlc (%) 59+0.3 6.0+0.6 0.279
Fasting plasma glucose (mg/dL) 101.3+18.5 96.2+11.7 0.613
Fasting plasma insulin (uIU/mL) 7.1+4.0 10.2+5.8 0.013
HOMA-IR 1.79+1.17 247+1.42 0.036
Use of statin, n (%) 68 (100) 27 (100) 1.000
Lipid markers
Triglyceride (mg/dL) 134.2+56.3 181.5+86.4 < 0.001
LDL cholesterol (mg/dL) 98.5+29.3 126.5+30.8 0.019
HDL cholesterol (mg/dL) 49.8+12.9 472+12.7 0.392
RLP cholesterol (mg/dL) 46+1.9 6.2+2.9 0.032
Apolipoprotein A-I (mg/dL) 131.5. £29.8 137.4+30.4 0.193
Apolipoprotein B (mg/dL) 83.9+20.6 87.7+19.9 0.581

Values for continuous variables are shown as mean + SD; categorical variables are represented by number
(percentage, %). Differences between groups were determined by the unpaired Student’s ¢ test or the Chi-
squared test, with a statistical significance level of P <0.05

BW body weight, BMI body mass index, DBP diastolic blood pressure, HbAIc hemoglobin Alc, HDL
high-density lipoprotein, HOMA-IR homeostasis model assessment of insulin resistance, LDL low-density
lipoprotein, MetS metabolic syndrome, RLP remnant lipoprotein, SBP systolic blood pressure, SD standard

deviation

RLP-C levels changed significantly during the study. Other
lipid markers did not differ meaningfully from the baseline.
Plasma glucose and insulin levels also changed significantly
during the loading test in both groups. Figure 1 (al and b1)
shows the changes in serum TG and RLP-C levels during
the oral fat loading test before and after ezetimibe treatment
in the control and MetS groups. Pre-treatment serum TG
and RLP-C levels continued to rise for 6 h after the high-
fat meal in both groups. In the MetS group, pre-treatment
serum TG and RLP-C levels were significantly higher than
those in the control group 4 and 6 h after loading (4 h TG,
P=0.021; 6 h TG, P=0.007; 4 h RLP-C, P=0.025; 6 h
RLP-C, P=0.008). After 24 weeks of treatment, Ezetimibe
significantly decreased the serum TG and RLP-C levels at 4
and 6 h after loading (4 h TG, P=0.037; 6 h TG, P=0.008;
4 h RLP-C, P=0.031; 6 h RLP-C, P=0.006). In the con-
trol group, we found no significant differences in serum TG
and RLP-C levels at 4 and 6 h between values taken before
and after ezetimibe treatment. The iAUC_¢, for serum TG
and RLP-C decreased significantly after ezetimibe treat-
ment in the MetS group (TG, from 820+ 280 to 570 + 300,
P=0.037; RLP-C, from 38+ 16 to 28 +18, P=0.041)

(Fig. 1a2, b2). We found no significant differences in iAUC
o0-6 1, for either marker in the control group (TG, P=0.594;
RLP-C, P=0.681) (Fig. 1a2, b2).

As shown in Fig. 1cl, the plasma insulin levels in both
groups increased postprandially and reached peak levels at
2 h, returning to baseline levels by 4 or 6 h after the meal.
Compared with the control group, the plasma insulin level in
the MetS group at 2 h after the meal was significantly higher
(P=0.007). The iAUC,_g4, for plasma insulin decreased sig-
nificantly after ezetimibe treatment in the MetS group, but
not in the control group (Fig. 1¢2).

Anthropometric parameters
and insulin resistance markers
before and after ezetimibe treatment

Table 3 summarizes the data on anthropometric parame-
ters and insulin resistance markers in the control and MetS
groups. BW, BMI, and abdominal circumference did not
differ significantly before and after ezetimibe treatment in
both groups.
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Table 2 Changes of lipid and glucose markers after the oral fat loading test

Before After
Oh 2h 4h 6h

Triglyceride (mg/dL)

Control group; ezetimibe (-) 134.2+56.3 137.4+67.9 177.2+75.7 252.7+95.8* 261.5+102.5%

Control group; ezetimibe (+) 107.5+60.3 110.2+72.4 148.1+82.7 203.5+101.8" 175.9+93.6

MetS group; ezetimibe (—) 181.5+86.4 182.6+87.0 269.1+119.8" 421.0+131.3% 481.0+146.71

MetS group; ezetimibe (+) 149.6+61.9 154.7+63.3 231.1+86.8" 310.0+£109.7 309.7+131.1%
RLP cholesterol (mg/dL)

Control group; ezetimibe (—) 46+1.9 48+2.1 6.2+2.5 11.6+3.28 13.8+4.1%

Control group; ezetimibe (+) 37+15 3.8+1.9 52+2.8 8.1+3.3" 9.2+3.7

MetS group; ezetimibe (-) 62429 6.3+2.9 9.3+4.1 1524571 17.7+7.81

MetS group; ezetimibe (+) 52+2.3 52+22 8.1+3.1 10.9+4.0° 11.0+4.9°
Glucose (mg/dL)

Control group; ezetimibe (—) 101.3+18.5 118.5+23.6 121.9+29.9 98.9+16.8 97.7+114

Control group; ezetimibe (+) 101.7+21.0 120.4+20.9 122.7+30.7° 96.7+22.3 97.9+13.6

MetS group; ezetimibe (-) 96.2+11.7 128.8+19.97 132.2+20.5% 105.7+23.8 97.9+20.7

MetS group; ezetimibe (+) 93.7+7.3 123.5+20.3* 129.7+19.9% 100.3+21.5 98.5+18.8
Insulin (pIU/mL)

Control group; ezetimibe (-) 7.1+4.0 21.6+8.7° 262 +7.5% 13.8+7.5" 7.2+4.2

Control group; ezetimibe (+) 6.5+29 15.8+8.9" 20.7 + 7.7 10.9+8.1 6.9+34

MetS group; ezetimibe (—) 10.2+£5.8 29.2+10.6 477+14.11 22.3+12.8F 84+3.5

MetS group; ezetimibe (+) 7.8+3.3 23.0+11.47 354+10.9% 153+10.3 7.3+

32

Values are shown as mean + SD

RLP remnant lipoprotein, SD standard deviation

TP <0.05,*P<0.01, P <0.005, 1P <0.001 compared with the value before the loading test in the same group

The mean HOMA-IR decreased significantly after
ezetimibe treatment in the MetS group, but not in the
control group. The mean baseline plasma insulin levels
did not differ significantly before and after treatment in
either group; however, the mean levels at 2 h after the
load ingestion were significantly lower than those before
treatment in the MetS group. The iAUC,_4 ,, in plasma
insulin decreased significantly after ezetimibe treatment
in the MetS group, but not in the control group.

Endothelial function
before and after ezetimibe treatment

Figure 2a, b shows FMD changes measured before and
after ezetimibe treatment in the MetS and control groups,
respectively. The mean FMD increased significantly after
ezetimibe treatment in the MetS group (from 3.4 + 1.8%
to 4.9 + 1.6%, P=0.002), but not in the control group
(from 5.1 + 1.4% to 5.4 + 1.6%, P=0.216).
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Associations between insulin resistance
and postprandial TG or FMD changes
in the MetS group

Figure 3 shows the association between decreased insu-
lin resistance and improved postprandial lipid markers or
endothelial functions after ezetimibe treatment in the MetS
group. The change ratio of iAUC,_¢ ,, insulin before and
after the treatment (%A iAUC,_g, insulin) was correlated
with that of iAUC,_¢, TG (%A iAUC_4, TG) (r=0.383,
P <0.001) (Fig. 3al), but not with the change ratio of
FMD (%A FMD) (r = —0.122, P=0.327) (Fig. 3a2).
When patients with MetS with %A iAUC,_g ,, insulin
levels below and above the median value (- 34%) were
compared, the %A iAUC,_¢, TG was higher in the former
group (— 31.0 + 19.8% vs. — 10.8 + 26.4%, P=0.033)
(Fig. 3bl). In addition, %A FMD was significantly higher
in the below-median group than in the above-median
group (39.2 + 35.0 vs. 9.8 + 46.5%, P=0.037) (Fig. 3b2).
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Discussion

We identified three major findings in this study. First, the
magnitude of postprandial serum TG or plasma insulin
levels estimated by the iAUC,,_¢ ,, after the fat load intake
was higher in the MetS than in the control group, and the
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ezetimibe treatment reduced the postprandial hyperlipi-
demia and the hyperinsulinemia in the MetS group, but not
in the control group. Second, FMD responses showed sig-
nificant improvement after ezetimibe treatment in the MetS
group, but not in the control group. Third, when compar-
ing patients with MetS with higher or lower postprandial
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Table 3 Anthropometric parameters and insulin resistance markers

Control group (n=068)

MetS group (n=27)

Ezetimibe (-) Ezetimibe (+) P value Ezetimibe (-) Ezetimibe (+) P value
BW (kg) 61.8+6.9 60.3+6.1 0.238 759+12.2 73.8+9.3 0.482
BMI (kg/m?) 229+1.8 22.1+1.6 0.128 28.0+3.2 274423 0.331
Abdominal circumference (cm) 79.6+5.1 79.3+4.5 0.342 97.1+9.7 943+6.2 0.166
HOMA-IR 1.79+1.17 1.64+0.87 0.669 247+1.42 1.83+0.81 0.037
Fasting insulin (uIU/mL) 7.1+4.0 6.5+2.9 0.574 10.2+5.8 7.8+3.3 0.169
2-h insulin (uIU/mL) 26.2+7.5 20.7+7.7 0.183 47.7+14.1 354+109 0.008
iAUC_g, insulin (uIU/mL h) 107 +65 88+75 0.792 181+62 121+62 0.022

Values are shown as mean + SD

BW body weight, BMI body mass index, HOMA-IR homeostasis model assessment of insulin resistance, iAUC incremental area under the curve

A Mets group
10

p = 0.001

FMD (%)

Ezetimibe (-) Ezetimibe (+)

FMD (%)

B Control group

10 4 p=0216

Ezetimibe (-) Ezetimibe (+)

Fig.2 Changes in FMD measurements before and after ezetimibe treatment in the MetS (a) and control groups (b). FMD flow-mediated vasodi-

lation, MetS metabolic syndrome

hyperinsulinemia reductions, those with higher reductions
showed also greater postprandial hyperlipidemia and FMD
reductions than those in the group with lower postprandial
hyperinsulinemia reductions. These findings suggest that
the ezetimibe effects on the postprandial lipid profile may
be associated with decreased insulin resistance in patients
with MetS.

Our results are compatible with studies showing reduced
postprandial hyperlipidemia after ezetimibe treatment in
patients with MetS [9, 30]. For example, Hajer et al. reported
that treatment involving a combination of simvastatin/
ezetimibe (10 mg/10 mg, once daily) for 6 weeks improved
postprandial TG levels integrated as AUCs after ingestion
of a test meal containing standardized fats (50 g/m?) in men
with obesity and MetS [30]. Moreover, Hiramitsu et al.
reported that ezetimibe treatment for 4 weeks significantly
reduced postprandial hyperlipidemia after ingestion of a
high-fat and high-glucose meal (lipid 61.4 g; carbohydrate
79.8 g) in patients with obesity or hypertriglyceridemia [9].
We also found that the postprandial plasma insulin responses
improved 24 weeks after ezetimibe treatment in patients with
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MetS; these results were consistent with others showing
ezetimibe reduced postprandial hyperinsulinemia [9].
Ezetimibe has been shown to improve insulin resist-
ance in small-animal models and humans [19, 20, 30-32].
Ezetimibe upregulates small heterodimer partner (SHP)
expression in the liver (SHP silencing worsens insulin resist-
ance) protecting the liver against the SHP downregulation
that occurs in mice after a high-fat diet [30]. In addition,
ezetimibe improved the insulin response after intraperitoneal
glucose injection in a Zucker obese rat model and enhanced
insulin signaling in cultured hepatocytes [19]. In humans,
studies have shown that ezetimibe also ameliorates liver
pathology and insulin resistance in patients with nonalco-
holic fatty liver disease [31]. Moreover, ezetimibe improves
not only lipid profiles, but also atherogenic factors and
biomarkers, such as hepatocyte growth factor and insulin
resistance, in patients with obesity and hypercholesterolemia
[20]. Twenty-four weeks of ezetimibe treatment, combined
with standard diet and exercise therapy, reduced body weight
and improved atherogenic lipid profiles, but also reduced
HOMA-IR in patients with MetS not-taking lipid-lowering
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drugs [32]. Our data are consistent with those last two stud-
ies [20, 32], suggesting that ezetimibe may play a unique
pathophysiological role in the treatment of MetS. Of par-
ticular interest, we observed that the percent reductions in
postprandial hyperlipidemia and hyperinsulinemia were cor-
related in our non-diabetic patients with MetS. Although we
cannot confirm whether this association is general or specific
to ezetimibe treatment, this is the first report showing an
association between lipid metabolism and insulin resistance
in a postprandial state before and after ezetimibe therapy.
Ezetimibe has effects on the lipid metabolism in the
small intestine other than its cholesterol absorption inhibi-
tion via NPC1L1. Sandoval et al. investigated the molecular
mechanisms of ezetimibe on postprandial hyperlipidemia in
MetS using CD36 knockout mice and established a model
for evaluating postprandial hypertriglyceridemia in a MetS
environment [33]. They demonstrated that ezetimibe reduces
the expression of fatty acid transport protein (FATP)4 asso-
ciated with the absorption of long-chain fatty acids through
enterocytes and decreases the gene expression of Apo
B48 (the core structural protein for chylomicron particles)
[33]. Thus, even though the mechanisms explaining how
ezetimibe reduces postprandial hyperlipidemia in humans
are not completely clear, the molecular targets for ezetimibe
seem to be important not only for cholesterol absorption, but
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also for fatty acids and apolipoprotein synthesis regulation
for TG production and subsequent chylomicron formation,
at least in small animals. Insulin resistance is relevant to
the regulation of molecules like FATP4 or Apo B48, which
are involved in pathophysiological cholesterol and fatty acid
incorporation into chylomicrons in the small intestine [34,
35]. Therefore, the effects of ezetimibe on postprandial lipid
dysmetabolism may be partially explained by mechanisms,
other than NPC1L1 inhibition, associated with decreased
insulin resistance.

We previously demonstrated that postprandial hyperlipi-
demia is associated with insulin resistance in patients with
DM and CAD without MetS [21]. In here, we investigated
the effects of ezetimibe on postprandial lipid dysmetabolism
and insulin resistance in non-diabetic patients with CAD and
MetS. Our findings support the evidence that insulin resist-
ance, manifesting as fasting or postprandial hyperinsuline-
mia, is the driving force behind lipid dyslipidemia in patients
with MetS before overt DM development [36]. Therefore,
the early combination of ezetimibe with a statin may not
only help reduce LDL-C levels, but may also decrease insu-
lin resistance, improving the prognosis for patients with
MetS. A large randomized controlled trial, the improved
reduction of outcomes: Vytorin Efficacy International
Trial, demonstrated the efficacy of the ezetimibe—statin
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combination therapy for reducing the occurrence of major
adverse cardiovascular events (MACESs) in patients with DM
who had experienced myocardial infarction [37]. Moreover,
Katsiki et al. suggested that the ezetimibe MACE benefits
are more prominent in patients with MetS and DM than in
those without DM [38]. These anti-atherosclerotic effects,
which seem to reduce postprandial hyperlipidemia, may be
partially explained by a reduction in insulin resistance in
high-risk patients (such as those with DM or MetS).

Study limitations

We are aware of our study’s limitations. First, we conducted
it at a single facility with a relatively low number of patients,
and statistical biases may have been introduced, although
our results were statistically significant. Second, we did not
use a 75 g oral glucose tolerance test to ensure exclusion of
patients with DM and relied only on ADA criteria. Third,
the improvement of FMD value after ezetimibe treatment
in MetS group was statistically significant, but lower than
the expected value. The possibility exists that the study may
have been underpowered to detect clinically meaningful dif-
ferences before and after ezetimibe treatment in MetS group.

Conclusions

This study demonstrated that ezetimibe significantly
improved endothelial function and reduced both post-
prandial TG and insulin levels in patients with MetS. The
potential association between decreased insulin resistance
and reduced postprandial lipid dysmetabolism suggests that
ezetimibe is the possible drug with regard to the vascular
protective effects in such patients due to reduction in both
insulin level and postprandial hyperlipidemia.

Acknowledgements We thank clinical laboratory technologists Ms.
Sanae Ando and Ms. Kimiko Sasaki, for their technical assistance with
the FMD. We would also like to thank Enago (www.enago.jp) for Eng-
lish language editing.

Funding This research did not receive any specific grants from funding
agencies in the public, commercial, or not-for-profit sectors.

Compliance with ethical standards

Conflict of interest The authors declare that there is no conflict of in-
terest.

Open Access This article is distributed under the terms of the Creative
Commons Attribution 4.0 International License (http://creativecom-
mons.org/licenses/by/4.0/), which permits unrestricted use, distribu-
tion, and reproduction in any medium, provided you give appropriate

@ Springer

credit to the original author(s) and the source, provide a link to the
Creative Commons license, and indicate if changes were made.

References

1. Tanaka A (2004) Postprandial hyperlipidemia and atherosclerosis.
J Atheroscler Thromb 11:322-329

2. S¢ndergaard E, Johansen RF, Jensen MD, Nielsen S (2017)
Postprandial VLDL-TG metabolism in type 2 diabetes. Metabo-
lism 75:25-35

3. Masuda D, Yamashita S (2017) Postprandial hyperlipidemia and
remnant lipoproteins. J Atheroscler Thromb 24:95-109

4. Kim1Y, Park S, Chou TH, Trombold JR, Coyle EF (2016) Pro-
longed sitting negatively affects the postprandial plasma triglyc-
eride-lowering effect of acute exercise. Am J Physiol Endocrinol
Metab 311:E891-E898

5. Roche HM, Gibney MJ (2000) The impact of postprandial
lipemia in accelerating atherothrombosis. J Cardiovasc Risk
7:317-324

6. Iso H, Naito Y, Sato S, Kitamura A, Okamura T, Sankai T, Shi-
mamoto T, lida M, Komachi Y (2001) Serum triglycerides and
risk of coronary heart disease among Japanese men and women.
Am J Epidemiol 153:490-499

7. Nakamura K, Miyoshi T, Yunoki K, Ito H (2016) Postpran-
dial hyperlipidemia as a potential residual risk factor. J Cardiol
67:335-339

8. Haidari M, Leung N, Mahbub F, Uffelman KD, Kohen-Avramoglu
R, Lewis GF, Adeli K (2002) Fasting and postprandial overpro-
duction of intestinally derived lipoproteins in an animal model of
insulin resistance. Evidence that chronic fructose feeding in the
hamster is accompanied enhanced intestinal de novo lipogenesis
and ApoB48-containing lipoprotein overproduction. J Biol Chem
277:31646-31655

9. Hiramitsu S, Miyagishima K, Ishii J, Mstsui S, Naruse H, Shiino
K, Kitagawa F, Ozaki Y (2012) The effect of ezetimibe on lipid
and glucose metabolism after a fat and glucose load. J Cardiol
60:395-400

10. Alberti KG, Eckel RH, Grundy SM, Zimmet PZ, Cleeman JI,
Donato KA, Fruchart JC, James WP, Loria CM, Smith SC Jr
(2009) Harmonizing the metabolic syndrome: a joint interim
statement of the International Diabetes Federation Task Force on
Epidemiology and Prevention; National Heart, Lung, and Blood
Institute; American Heart Association; World Heart Federation;
International Atherosclerosis Society; and International Associa-
tion for the Study of Obesity. Circulation 120:1640-1645

11. Ninomiya T, Kubo M, Doi Y, Yonemoto K, Tanizaki Y, Rahman
M, Arima H, Tsuryuya K, lida M, Kiyohara Y (2007) Impact of
metabolic syndrome on the development of cardiovascular dis-
ease in a general Japanese population: the Hisayama study. Stroke
38:2063-2069

12. Higashiyama A, Okumura T, Ono Y, Watanabe M, Kokubo Y,
Okayama A (2009) Risk of smoking and metabolic syndrome
for incidence urban Japanese population: the Suita study. Circ J
73:2258-2263

13. Altman SW, Davis HR Jr, Zhu LJ, Yao X, Hoos LM, Telzloff G,
Iyer SP, Maguire M, Golovko A, Zeng M, Wang L, Murgolo N,
Graziano MP (2004) Niemann-Pick Cl1 like 1 protein is critical
for intestinal cholesterol absorption. Science 303:1201-1204

14. Kosoglou T, Meyer I, Veltri EP, Statkevich P, Yang B, Zhu Y,
Mellars L, Maxwell SE, Patrick JE, Cutler DL, Batra VK, Affrime
MB (2002) Pharmacodynamic interaction between the new selec-
tive cholesterol absorption inhibitor ezetimibe and simvastatin. Br
J Clin Pharmacol 54:309-319


http://www.enago.jp
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

Heart and Vessels (2019) 34:916-925

925

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

Yunoki K, Nakamura K, Miyoshi T, Enko K, Kohno K, Morita H,
Kusano KF, Ito H (2011) Ezetimibe improves postprandial hyper-
lipemia and its induced endothelial dysfunction. Atherosclerosis
217:486-491

Kumagai N, Miura S, Zhang B, Noda K, Saku K, Investigators
Zenith Trial (2013) Effects of ezetimibe on hypercholesterolemia
in the lipid profile in patients with metabolic syndrome: Zenith
trial. IJC Metab Endcr 1:7-12

Reaven GM (1988) Banting lecture 1988: role of insulin resistance
in human disease. Diabetes 37:1595-1607

Yun JE, Won S, Sung J, Jee SH (2012) Impact of metabolic syn-
drome independent of insulin resistance on the development of
cardiovascular disease. Circ J 76:2443-2448

Deushi M, Nomura M, Kawakami A, Haraguchi M, Ito M, Oka-
zaki M, Ishii H, Yoshida M (2007) Ezetimibe improves liver
steatosis and insulin resistance in obese rat model of metabolic
syndrome. FEBS Lett 581:5664-5670

Adachi H, Nakano H, Yamamoto K, Nakata M, Bekki H, Honma
T, Yoshiyama H, Nohara M, ERASE METS Study Investigators
(2015) Ezetimibe ameliorates atherogenic lipids profiles, insulin
resistance and hepatocyte growth factor in obese patients with
hypercholesterolemia. Lipids Health Dis 14:1

Nakamura A, Monma Y, Kajitani S, Noda K, Nakajima S, Endo
H, Takahashi T, Nozaki E (2016) Effect of glycemic state on post-
prandial hyperlipidemia and hyperinsulinemia in patients with
coronary artery disease. Heart Vessels 31:1446-1455
Celermajer DS, Sorensen KE, Gooch VM, Spiegelhalter DJ,
Miller OI, Sullivan ID, Lloyd JK, Deanfield JE (1992) Non-inva-
sive detection of endothelial dysfunction in children and adults at
risk of atherosclerosis. Lancet 340:1111-1115

Matsuzawa Y (2005) Metabolic syndrome: definition and diagno-
sis criteria in Japan. J Jpn Soc Intern Med 94:188-203
American Diabetes Association (2010) Standards of medical care
in diabetes—2010. Diabetes Care 33:S11-S61

Fihn SD, Gardin JM, Abrams J, Berra K, Blankenship JC, Dallas
AP, Douglas PS, Foody JM, Gerber TC, Hinderliter AL, King SB
3rd, Kligfield PD, Krumholz HM, Kwong RY, Lim MJ, Linder-
baum JA, Mack MJ, Munger MA, Prager RL, Sabik JF, Shaw
LJ, Sikkema JD, Smith CR Jr, Smith SC Jr, Spertus JA, Wil-
liams SV (2012) 2012 ACCF/AHA/ACP/AATS/PCNA/SCAI/
STS guideline for the diagnosis and management of patients with
stable ischemic heart disease: a report of the American College of
Cardiology Foundation/American Heart Association Task Force
on Practice Guidelines, and the American College of Physicians,
American Association for Thoracic Surgery, Preventive Cardio-
vascular Nurses Association, Society for Cardiovascular Angiog-
raphy and Interventions, and Society of Thoracic Surgeons. ] Am
Coll Cardiol 60:e44—e164

Cornford AS, Barkan AL, Hinko A, Horowitz JF (2012) Sup-
pression in growth hormone during overeating ameliorates the
increase in insulin resistance and cardiovascular disease risk. Am
J Physiol Endocrinol Metab 303:E1264-E1272

Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher
DF, Turner RC (1985) Homeostasis model assessment: insulin

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

resistance and beta-cell function from fasting plasma glucose and
insulin concentrations in man. Diabetologia 28:412-419
Corretti MC, Anderson TJ, Benjamin EJ, Celermajer D, Charbon-
neau F, Creager MA, Deanfield J, Drexler H, Gerhard-Herman M,
Herrington D, Vallance P, Vita J, Vogel R; International Brachial
Artery Reactivity Task Force (2002) Guidelines for the ultrasound
assessment of endothelial-dependent flow-mediated vasodilation
of the brachial artery: a report of the International Brachial Artery
Reactivity Task Force. ] Am Coll Cardiol 39:257-265

Olijhoek JK, Hajer GR, van der Graaf Y, Dallinga-Thie GM, Vis-
seren FL (2008) The effects of low-dose simvastatin and ezetimibe
compared to high-dose simvastatin alone on post-fat load endothe-
lial function in patients with metabolic syndrome: a randomized
double-blind crossover trial. J Cardiovasc Pharmacol 52:145-150
Hajer GR, Dallinga-Thie GM, Visseren FLJ (2009) The effect
of statin alone or in combination with ezetimibe on postprandial
lipoprotein composition in obese metabolic syndrome patients.
Atherosclerosis 202:216-224

Park H, Shima T, Yamaguchi K, Mitsuyoshi H, Minami M, Yasui
K, Itoh Y, Yoshikawa T, Fukui M, Hasegawa G, Nakamura N,
Ohta M, Obayashi H, Okanoue T (2011) Efficacy of long-term
ezetimibe therapy in patients with nonalcoholic fatty liver disease.
J Gastroenterol 46:101-107

Ohbu-Murayama K, Adachi H, Hirai Y, Enomoto M, Fukami A,
Obuchi A, Yoshimura A, Nakamura S, Nohara Y, Nakao E, Umeki
Y, Fukumoto Y (2015) Ezetimibe combined with standard diet
and exercise therapy improves insulin resistance and atheroscle-
rotic markers in patients with metabolic syndrome. J Diabetes
Invest 6:325-333

Sandoval JC, Nakagawa-Toyama Y, Masuda D, Tochino Y,
Nakaoka H, Kawase R, Yuasa-Kawase M, Nakatani K, Inagaki
M, Tsubakio-Yamamoto K, Ohama T, Matsuyama A, Nishida M,
Ishigami M, Komuro I, Yamashita S (2010) Molecular mecha-
nisms of ezetimibe-induced attenuation of postprandial hypertri-
glyceridemia. J Atheroscler Thromb 17:914-924

Fisher RM, Gertow K (2005) Fatty acid transport proteins and
insulin resistance. Curr Opin Lipidol 16:173-178

Haas ME, Attie AD, Biddinger SB (2013) The regulation of ApoB
metabolism by insulin. Trends Endocrinol Metab 24:391-397
Reaven GM (1988) Banting lecture 1988. Role of insulin resist-
ance in human disease. Diabetes 37:1595-1607

Giugliano RP, Cannon CP, Blazing MA, Nicolau JC, Corba-
lan R, §pinar J, Park JG, White JA, Bohula EA, Braunwald E,
IMPROVE-IT (Improved Reduction of Outcomes: Vytorin Effi-
cacy International Trial) Investigators (2018) Benefit of adding
ezetimibe to statin therapy on cardiovascular outcomes and safety
in patients with versus without diabetes mellitus: results from
IMPROVE-IT (Improved Reduction of Outcomes: Vytorin Effi-
cacy International Trial). Circulation 137:1571-1582

Katsiki N, Theocharidou E, Karagiannis A, Athyros VG, Mikhai-
lidis DP (2013) Ezetimibe therapy for dyslipidemia: an update.
Curr Pharm Des 19:3107-3114

@ Springer



	Impact of decreased insulin resistance by ezetimibe on postprandial lipid profiles and endothelial functions in obese, non-diabetic-metabolic syndrome patients with coronary artery disease
	Abstract
	Introduction
	Methods
	Study patients
	Definitions
	High-fat loading test and blood sampling
	Brachial artery FMD measurement
	Statistical analysis

	Results
	Control and MetS groups’ baseline characteristics

	Postprandial lipid and glucose metabolism before and after ezetimibe treatment
	Anthropometric parameters and insulin resistance markers before and after ezetimibe treatment
	Endothelial function before and after ezetimibe treatment
	Associations between insulin resistance and postprandial TG or FMD changes in the MetS group
	Discussion
	Study limitations
	Conclusions
	Acknowledgements 
	References




