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Established procedure for adipose tissue
extirpation in the field of plastic surgery

( <Safety>

1. Extirpation of

<Simple & Easy>
Easy propagation
procedure of the cells

2. Primary culture of proliferative
adipocytes using ceiling culture

adiposeﬁ?

Rejection reaction
can be avoided

<Safety> }

5. Auto-transplantation

<Durability>
Reduce the frequency
of operation interval

<Risk-manageable>
Unexpected situation can be avoided
by resection of the implant site

4. Expression of the therapeutic gene

Estimate the number of transplanting cells

<Efficacy of therapeutic replacement>
required for satisfactory therapeutic outcome

<Optimal transduction>
Therapeutic gene delivery into
the target cells

4 Enzyme replacement therapy by ex vivo manipulated ccdPA
Characteristics of therapeutic strategy using adipose tissue—derived cells are depicted.
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Aénz: The aim of this study was to investigate the relationship between atherosclerotic manifestations
and brachial and radial arterial wall elasticity (AWE) measured using the phased tracking method in
patients with type 2 diabetes mellitus (T2DM).

Methods: This study included T2DM patients (=220, mean age 59 years) without a history of
stroke or coronary artery disease. The brachial AWE, radial AWE, carotid mean intima-media thick-
ness (IMT), max-IMT and flow-mediated vasodilation (FMD) were measured. The patients were
classified according to the number of atherosclerotic risk factors, including obesity, dyslipidemia and
hypertension. Group 1 included T2DM patients only, group 2 included patients with two risk fac-
tors, group 3 included patients with three risk factors and group 4 included patients with four risk
factors. The patients were also divided into two groups according to microangiopathic complica-
tions, including retinopathy and nephropathy. The between-group differences were analyzed.
Results: The brachial AWE (548, 697, 755 and 771 kPa for groups 1, 2, 3 and 4, respectively) and
radial AWE (532, 637, 717 and 782 kPa for groups 1, 2, 3 and 4, respectively) significantly increased
in association with an increasing number of risk factors. The brachial AWE and radial AWE were sig-
nificantly higher in the patients with microangiopathic complications than in those without microan-
giopathic complications (brachial AWE 797 and 694 kPa and radial AWE 780 and 660 kPa, respec-
tively). Receiver operating characteristic curve analyses revealed that, for brachial AWE and radial
AWE, the area under the curve was equal to the max-IMT and higher than the mean-IMT and FMD.
Conclusions: Upper limb AWE measurement can reflect the degree of atherosclerosis risk overload
and may be useful for evaluating vascular complications in T2DM patients.

J Atheroscler Thromb, 2013; 20:678-687.

Key words: Ultrasonography, Carotid intima-media thickness, Flow-mediated vasodilation

Introduction

Type 2 diabetes mellitus (T2DM) is associated
with atherosclerosis, which leads to various vascular
complications, including macroangiopathies, such as
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coronary artery disease and strokes, and microangiop-
athies, such as retinopathy and nephropathy'?. The
addition of obesity, dyslipidemia and hypertension to
T2DM accelerates the progression of atherosclerosis
and increases the risk of cardiovascular disease® ¢¥.
Managing these atherosclerotic risk factors can prevent
atherosclerotic progression”; therefore, it is important
to evaluate a patient’s atherosclerotic risk overload
prior to the occurrence of cardiovascular events'® 'V,

Several atherosclerotic markers, such as the carotid
intima-media thickness (IMT) and flow-mediated
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vasodilation (FMD), are useful for assessing athero-
sclerotic risks, although they do not always predict
cardiovascular risks among T2DM patients'> ',

Recently, a noninvasive, transcutaneous, ultra-
sonic technique using the phased tracking method was
developed to evaluate arterial wall elasticity (AWE).
This method is believed to be able to detect athero-
sclerotic changes in association with regional tissue
composition "', During a single heartbeat, the dis-
placement of each point of the arterial wall from the
luminal surface to the adventitia is tracked along an
ultrasonic beam, and minute changes in the thickness
of different layers can be detected, allowing the elastic
modulus to grovide information on regional dssue
composition*'9. The AWE is expressed as the mean
elastic modulus of the entire arterial wall of a regional
artery. Because it is an easy-to-use and noninvasive
method, measuring the AWE using the phased tracking
method is suitable as an atherosclerotic screening test.

The phased tracking method has been used to
demonstrate that soft tissue, such as soft plaques with
a lipid core within the arteries have a low AWE, while
a high AWE is seen in stiff tissue, such as lesions where
calcification and proliferation of vascular smooth
muscle and collagen exist'”. The carotid AWE has
been reported to be significantly associated with ath-
erosclerotic markers, such as the carotid max-IMT and
pulse wave velocity, in T2DM patients'”, whereas the
radial AWE is significantly associated with the serum
C-reactive protein level, a chronic inflammatory
index, in healthy subjects'® 7, Therefore, measuring
the AWE may be useful for evaluating the degree of
atherosclerotic overload. However, currently, only a
few studies have evaluated the AWE measured accord-
ing to the phased tracking method in different arteries
or different populations'> '%; therefore, further clinical
data are required to establish the clinical utility of
AWE measurement using this method. For this pur-
pose, we investigated the relationship berween the
degree of atherosclerotic risk overload and the AWE in
addition to the differences in AWE between patients
with and without microangiopathic complications in
order to determine whether upper limb AWE mea-
surement can be used as new approach for evaluating
atherosclerosis.

Aim
The brachial AWE, radial AWE and other ultra-
sonic atherosclerosis-related markers, including the
carotid IMT and FMD, and conventional atheroscle-

rotic risk factors were measured in T2DM patients
without a history of stroke or coronary artery disease.
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This study investigated whether brachial and radial
AWE values are correlated with the number of athero-
sclerotic risk factors in T2DM patients. Furthermore,
we investigated the brachial and radial AWE in
patients with microangiopathic complications because
patients with diabetic microangiopathic complica-
tions, particularly those in the advanced stage, consti-
tute a special population with a high risk for cardio-
vascular events %%

Methods

Subjects

A total of 220 patients with T2DM (men, 57%;
mean *standard deviation [SD] age, 59%11 years)
were sequentially included in this cross-sectional hos-
pital-based study. The Ethics Committee at Jichi
Medical University approved the study, and each
patient gave their informed consent. Patients with a
history of stroke or coronary artery disease were
excluded. All of the study patients were stable and
receiving antidiabetic treatments, such as diet therapy,
oral medications and insulin. T2DM was diagnosed
based on the World Health Organization (WHO) and
American Diabetes Association (ADA) criteria: a fast-
ing plasma glucose level of 2126 mg/dL and/or a
2-hour plasma glucose level after a 75-g oral glucose
tolerance test of 2200 mg/dL>"??.

The diagnosis of retinopathy was determined by
a trained ophthalmologist using indirect ophthalmo-
scopic examinations based on the presence of clinical
features in the fundus in both eyes®. Advanced-stage
retinopathy was defined as proliferative retinopathy,
severe nonproliferative retinopathy, post vitreous sur-
gery retinopathy or post panretinal photocoagula-
tion®. The renal function was assessed using the esti-
mated glomerular filtration rate (eGFR), which was
calculated according to the glomerular filtration rate
equation for Japanese subjects?”. Patients with an
eGFR of €30 mL/min/1.73 m? and/or macroalbu-
minuria (a urinary albumin-to-creatinine ratio [ACR]
of 2300 mg/g creatinine [Cr]) were classified as hav-
ing advanced stage disease®*). Nephropathy was
defined as an eGFR of <60 mL/min/1.73 m* and/or
microalbuminuria (ACR 230 mg/g Cr)* .

The patients were divided into four groups based
on the number of atherosclerotic risk facrors, includ-
ing obesity, dyslipidemia and hypertension®®. Group
1 included patients with T2DM only, group 2 included
patients with two risk factors, group 3 included
patients with three risk factors and group 4 included
patients with all four risk factors. The patients were
further classified into two groups: those with and
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without microangiopathic complications, including
advanced-stage retinopathy or nephropathy.

Physical Examinations

Smoking habits were determined in interviews
conducted by doctors, and smokers were defined as
current smokers. The body mass index (BMI) was cal-
culated as the weight divided by the square of the
body height while wearing light clothes. Obesity was
defined as a BMI of 225.0 kg/m* based on the Japan
Society for the Study of Obesity criteria®. Blood
pressure was measured twice in the supine position
with a minimum of five minutes berween measure-
ments, and the mean value was recorded. Hyperten-
sion was defined as a systolic blood pressure of 2140
mmHg and/or a diastolic blood pressure of =90 mmHg
and/or the current use of antihypertensive agents®”.

Laboratory Measurements

Blood samples were drawn in the morning after a
12-hour fast. The level of hemoglobin Alc (HbAlc)
was measured using high-performance liquid chroma-
tography. The present study used the value of HbAlc
(%) estimated as a National Glycohemoglobin Stan-
dardization Program (NGSP) equivalent value (%)
(HbAlc [Japan Diabetes Society: JDS] +0.4%)°”. The
levels of blood glucose, low-density lipoprotein choles-
terol (LDL-C), high-density lipoprotein cholesterol
(HDL-C), triglycerides and Cr were determined enzy-
matically. Dyslipidemia was defined as an LDL-C
level of 2 140 mg/dL, an HDL-C level of <40 mg/dL,
a triglyceride level of 2 150 mg/dL and/or the current
use of statins or fibrates®”. The ACR in spot urine was
also assessed, and values of albuminuria surpassing the
sensitivity of the ACR measurement were recorded as
300 mg/g Cr.

Using B-mode ultrasound imaging with a 5- to
10-MHz linear transducer (ALOKA, SSD-a 10, Tokyo,
Japan), the mean-IMT and max-IMT were evaluated
bilaterally at the common carotid artery, bifurcation
and internal carotid arteries® **. The mean-IMT was
measured in the bilateral common carotid arteries
(excluding the bulbus), and the levels at two or more
measurement points were averaged®* . The max-
IMT was measured at the greatest IMT in the bilateral
common carotid arteries, the bulbus and the internal
carotid arteries®.

For the FMD measurements, the patients fasted
and did not use tobacco for at least eight hours before
measurement®® ¥, The FMD was assessed in the
patient’s right brachial artery above the antecubiral
fossa in the supine position in a quiet, temperature-
controlled room. The diameter of the brachial artery
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was measured continuously using B-mode ultrasound.
A cuff was placed on the forearm and, after measuring
the baseline diameter, arterial occlusion was induced by
cuff inflation to a pressure of 200 mmHg or 50 mmHg
above the systolic blood pressure for five minutes.
When the cuff was released, the FMD was calculated
as the maximum percent increase in the diameter dur-
ing hyperemia compared with the baseline diameter.

Measurement of Arterial Wall Elasticity Using the
Phased Tracking Method

The brachial AWE and radial AWE were evalu-
ated using the phased tracking method™'®. The bra-
chial and radial arteries were assessed above the ante-
cubital fossa and approximately 5 cm proximal to the
wrist with the palm turned upward, respectively, in
the supine position in a quiet, temperature-controlled
room. The arteries were scanned in the longitudinal
plane using B-mode ultrasound imaging with an 8- to
16-MHz linear array transducer (DIASUS, Dynamic
Imaging Ltd., Livingston, UK}. Ultrasound was used
to record changes in the thickness of the artery during
a single heartbeat. The arterial wall was divided into
layered blocks with a depth of 312 pm and a width of
200 pm for the entire wall, and the elastic modulus of
each layer (Ea [Pascal: Pa]) was calculated using the
equation Eo=(1/2) % (ro/ho+ 1) % (A Puaxls;), where &=
Abuad o, Abmax 15 the maximum decrease in the thick-
ness of the 312-pum layer during one heartbeat, AP
is the pulse pressure and /o and 7o are the initial thick-
nesses of the layer and radius of the vessel at end-dias-
tole, respectively. The elastic modulus was determined
for each 312-pm layer, and the AWE was expressed as
the mean level of all layers. The AWE was determined
in the bilateral brachial and radial arteries, and the
bilateral averages of each artery were used for all analy-
ses. All examinations were performed by the same
trained physician. The intraobserver coefficients of
variation for the brachial AWE and radial AWE values
were 9.3% and 10.9%, respectively.

Statistical Analyses

The data are presented as the mean+SD, median
(interquartile range) or number (%). The between-
group differences of each parameter were compared
using a one-way analysis of variance (ANOVA) with a
multple comparison test or the chi-square test.
ANOVA adjusted for confounding factors, such as
age, sex, the smoking status, the Cr level and ACR,
was performed to determine the between-group differ-
ences in atherosclerotic parameters, such as the bra-
chial AWE, radial AWE, mean-IMT, max-IMT and
FMD. The between-group differences in atherosclero-
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Table 1. Patient profiles for each group based on the number of atherosclerotic risk factors

) All Group 1 Group 2 Group 3 Group 4
Paramneter (#=220) n ;_J;;) (= (iS ) (2=76) (ﬂﬁ;;) pvalue
Male (%) 126 (57%) 13 (59%) 40 (62%) 40 (53%) 33 (58%) 0.76
Age (years) 59%11 S7x14 61x9 60=11 5810 0.32
Body mass index (kg/m?) 25%6 20%2 23£37 26£6*8 30£4%% " <001
Smoking (%) 47 (21%) 6 (27%) 14 (22%) 18 (24%) 9 (16%) 0.62
SBP (mmHg) 12815 117%13 125215 129%15" 134%14%5 <0.01
DBP (mmHg) 77£9 7248 76%9 77+9 g0 £9*§ <0.01
Anti-HT agents (%) 112 (51%) 0 (0%) 15 (23%) 45 (59%) 291w <001
RAS inhibitors (%) 104 (47%) 0 (0%) 13 (20%) 42 (55%)%% 49 86%)™ YT <0.01
CCB (%) 69 (31%) 0 (0%) 8 (129%) 27 (36%)"% 34 (60m)* T <0.01
B blockers (%) 11 (5%) 0 (0%} 1(2%) 7 (996) 3 (5% 0.13
Diurerics (%) 28 (13%) 0 (0%) 4 (6%) 4%t 133wt 00
Glucose (mg/dL) 135+42 127 =54 134+43 136=42 139+38 0.67
Hemoglobin Alc (%) 7.9%20 7.9£2.3 79%£23 8.0x2.0 77%1.6 0.87
Antidiabetic agents (%) 158 (729%) 13 (59%) 41 (63%0) 57 {75%) 47 (829%) 0.05
OHA (%) 109 (50%) 7 (32%) 29 (45%) 43 (57%) 30 (53%) 0.16
Insulin wearment (%) 49 (22%) 6 (27%) 12 (18%) 14 (18%) 17 (30%) 0.34
Retinopathy (%) ao (36%) 2 (9%) 20 (31%) 30 (39%)* 28 (49%)™° 0.01
Non-advanced stage (%) 42 (19%) 1 (5%) 12 (18%) 13 (17%) 16 (21%) 0.10
Advanced stage (%) 38 (17%) 1 (3%) 8 (12%) 17 (229%) 12 (21%) 0.14
LDL-cholesterol (mg/dL) 109 +32 106£22 10931 114=33 104+33 0.37
HDL-cholesterol (mg/dL) 57%19 78%25 57=18" 56%16” 52+ 18" <0.01
Triglycerides (mg/dL) 108 (81-160) 58 (50-84) 104 (65-126)" 110 (83-171)% 153 (100-199™%  <0.01
Anti-HL agents (%) 87 (40%) 0 (0%) 17 (26%) 34 (459%™ 36 (63%)" %" <o0.01
Statins (%) 79 (36%) 0 (0%) 15 (23%) 33 (439 % 31 (54%)%% <001
Fibrates (%) 8 (49%) 0 (0%) 2 (3%) 1 (1%) 5 (9%) 0.10
Cr (mg/dL) 0.68 (0.59-0.80)  0.66 (0.53-0.80)  0.70 (0.59-0.79)  0.69 (0.59-0.84) 0.66 (0.57-0.79) 0.71
eGFR (mL/min/1.73 m?) 8324 8825 8423 80%26 84=21 0.45
ACR (mg/g Cr) 16 (8-86) 10 (7-23) 17 (10-87) 17 (9-84) 21 (9-143) 0.08
Nephropathy (%) 100 (45%) 5 (239%) 27 (42%) 39 (51%) 29 (51%) 0.08
Non-advanced stage (%) 70 (32%) 4 (18%) 17 (269%) 29 (38%) 20 (35%) 0.21
Advanced stage (%) 30 (14%) 2 (9%) 10 (15%) 10 (13%) 9 (16%) 0.58
Mean-IMT (mm) 0.72%0.12 0.70£0.13 0.70£0.09 0.74+0.14 0.74%0.11 0.15
Max-IMT (mm) - 1.60=0.84 1.31£0.74 1.53£0.70 1.68%0.92 1.70£0.89 0.21
EMD (%) 24%1.9 3.4%29 24%15 2.4%1.9 2.1%1.6 0.05
Brachial AWE (kPa) 721%217 548 =141 697 £200% 755%222% 77122217 <0.01
Radial AWE (kPa) 692222 532 149 6372207 717 £206" 782%238%%  <0.01

SBP: systalic bl

ood pressure; DBP: diastolic blood pressure; Anti-HT: antihypertensive; RAS: renin-angiotensin system; CCB: calcium channel

blockers; OHA: oral antdhyperglycemic agents; LDL: low-density lipoprotein; HDL: high-density lipoprotein; Anti-HL: antihyperlipidemic; Cr:
creatining; ¢GFR: estimated glomerular fileration rate; ACR: urinary albumin-to-Cr ratio; IMT: indma-media thickness; FMD: flow-mediated
vasodilation; AWE: arterial wall elasticity; Pa: Pascal. The patients were divided into four groups based on the number of the following atheroscle-
rotic risk factors: diaberes mellirus, obesity, dyslipidemia and hypertension. Group 1 included patients with diabetes mellitus only, group 2 included
patients with two risk factors, group 3 included patients with chree risk factors and group 4 included patients with all four risk factors. The data are
presented as the mean # standard deviation, median (interquartile range) or number (%). The levels of triglycerides and Cr and the ACR values
were log-transformed due to their skewed distribudons. The p—vaiues were determined usmg a ane-way analysis of variance with multiple compari-
son tests or the chi-square test wich residual tests. Significance level: “2<0.05 vs. group 1; p<0 05 vs. group 2; }3<G 05 vs. group 3.

age, sex, the smoking status and the ACR, were also
analyzed. Additionally, the groups with and without
microangiopathic complications were compared using

sis parameters adjusted for antidiabetic medications,
antihypertensive medications, antihyperlipidemic medi-
cations, retinopathy and nephropathy, in addition to
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Fig. 1. Differences between the groups classified by the number of atherosclerotic risk factors. Group 1 included

patients with diabetes mellitus only, group 2 included patient with two risk

factors, group 3 included

patients with three risk factors and group 4 included patients with all four risk factors. IMT: intima-media
thickness; AWE: arterial wall clasticicy; Pa: Pascal; FMD: flow-mediated vasodilation. Significance level: *p<

0.05 vs. group 15 $p<0.05 vs. group 2; 'p<0.05 vs. group 3.

Student’s #-test and the chi-square test. Receiver-oper-
ating characteristic (ROC) curve analyses of the mean-
IMT, max-IMT, brachial AWE, radial AWE and FMD
in the patients with microangiopathic complications
were performed, and the areas under the curve (AUCs)
were compared?®.

In all analyses, the log-transformed values of the
levels of triglycerides and Cr and the ACR were used
due to their skewed distributions. A value of p<0.05
was considered to be sxgmficant All statistical analy-
ses, except for the comparisons of the AUC, were per-
formed using the Dr. SPSS II version 11 software pro-
gram (SPSS Inc., Tokyo, Japan). The AUC compari-
sons were made using the StatFlex version 6 software
package (Artech, Co., Ltd., Osaka, Japan).

Results

The patient characteristics of each group based
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on the number of acherosclerotic risk factors are
shown in Table 1 and Fig.1. As the number of ath-
erosclerotic risk factors increased, the number of
patients with retinopathy and nephropathy tended to
increase. In addition, the mean-IMT and max-IMT
values showed a tendency to increase from groups 1 to
4. The FMD tended to decrease from groups 1 to 4.

The brachial AWE and radial AWE values signif-
icantly increased from groups 1 to 4. The brachial
AWE value was significantly higher in groups 2, 3 and
4 than in group 1. The radial AWE value was signifi-
cantly higher in group 4 than in groups 1 and 2, and
the radial AWE value was significantly higher in group
3 than in group 1.

After adjusting for age, sex, the smoking status,
the Cr level and the ACR, significant between-group
differences were found in brachial AWE (p<0.01) and
radial AWE (p<0.01), and a marginally significant
between-group difference was found in EMD (p=
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Table 2. Patient profiles for the groups with and without microangiopathic complications

Parameter All Without complications With complications pvalue
(n=220) (=162} (n=58)
Male (%) 126 (57%) 92 (57%) 34 (59%) 0.81
Age (years) 50#11 60x11 5810 0.17
Body mass index (kg/m?) 25%6 256 265 0.70
Smoking (%) 47 (21%) 34 (21%) 13 {22%) 0.82
SBP (mmHg) 128%15 127415 13114 0.04
DBP (mmHg) 77%9 76+ 10 79%9 0.04
Anti-HT agents (%) 112 (51%) 73 (45%) 39 (67%) <0.01
RAS inhibitors (%) 104 (47%) 67 (41%}) 37 {64%) <0.01
CCB (%) 69 (31%) 47 (29%) 22 {38%) 0.21
8 biockers (%) 11 (5%) 8 (5%) 3 (5%) 0.94
Diuretics (%) 28 (13%) 17 (10%) 11 (19%) .10
Glucose (mg/dL) 135242 133 %41 142 £45 0.19
Hemoglobin Alc (%) 7.9+£2.0 7.6%1.9 8.5x2.2 <0.01
Antidiabetic agents (%) 158 (72%) 109 (67%) 49 (84%) 0.01
OHA (%) 109 (509%) 85 (52%) 24 (41%) 0.15
Insulin creatment (%) 49 (22%) 24 (15%) 25 (43%) <0.01
Retinopathy (%) 80 (36%) 33 (20%) 47 (81%) <0.01
Non-advanced stage (%) 42 (19%) 33 (20%) 9 (16%) 0.42
Advanced stage (%) 38 (17%) 0 (0%) 38 (66%0) <0.01
LDL-cholesterol (mg/dL) 109£32 110+31 10634 0.47
HD1-cholesterol {(mg/dL) 5719 60=20 S1=14 <0.01
Triglycerides {mg/dL) 108 (81-160) 102 {70-146) 120 (86-175) 0.01
And-HL agents (%) 87 (40%) 63 {39%) 24 (419%) 0.74
Statins {90) 79 (36%} 57 (35%) 22 (38%) 0.71
Fibrates (%) 8 (4%) 6 (49%) 2 (3%) 0.93
Cr (mg/dL) 0.68 (0.59-0.80) 0.68 {0.57-0.80) 0.70 (0.61-0.86) 0.19
¢GFR (mL/min/1.73 m?) 83x24 84x22 80+28 0.57
ACR (mg/g Cr) 16 (8-86) 13 (8-34) 239 (28-300) <0.01
Nephropathy (%) 100 (45%) 55 (34%) 45 (78%) <0.01
Non-advanced stage (%) 70 (32%) 55 (34%) 15 {26%) 0.26
Advanced stage (%) 30 (14%) 0 {0%; 30 (52%) <0.01
Mean-IMT (mm) 0.72+0.12 0.72%0.12 0.73=0.12 0.59
Max-IMT (mm) 1.60+0.84 1.48+£0.65 1.96%1.15 <0.01
FMD (%) 2.4%£1.9 2.5+1.9 2.1%1.6 0.17
Brachial AWE (kPa) 721x217 694+213 797 £212 <0.01
Radial AWE (kPa) 692 +222 660+207 780+243 <0.01

SBP: systolic blood pressure; DBP: diastolic blood pressure; And-HT: antihypertensive; RAS: renin-angiotensin system; CCB: calcium channel
blockers; OHA: oral antihyperglycemic agents; LDL: low-density lipoprotein; HDL: high-density lipoprotein; Anti-HL: antihyperlipidemic; Cr:
creatining eGFR; estimated glomerular filtradon rate; ACR: urinary albumin-to-Cr ratio; IMT: intima-media thickness; FMD: flow-mediated
vasodilation; AWE: arterial wall elasticity; Pa: Pascal. Microangiopathic complications included advanced-stage retinopathy and nephropathy. The
patients were divided into groups with and without microangiopathic complications, The data are presented as the mean#®standard deviation,
median (interquartile range) or number (%). The levels of triglycerides and Cr and the ACR values were log-transformed due ta their skewed distri-

butions. The p-values were determined using Student’s #-test or the chi-square test. Significance level: p<<0.05.

0.05). Furthermore, there were significant between-

group differences in brachial AWE (p<0.01) and
radial AWE (p<0.01), but not in the EMD values
(p=0.65), after adjusting for antidiabetic medications,
antihypertensive medications, antihyperlipidemic

medications, retinopathy and nephropathy, in addi-

tion to age, sex, the smoking status and the ACR.

The patients’ characteristics in the groups with

and without microangiopathic complications are
shown in Table 2. The max-IMT, brachial AWE and

50
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Fig.2. ROC curve analyses of the mean-IMT, max-IMT, brachial AWE, radial AWE and FMD for microangiopathic
complications were performed, and the AUCs were measured. ROC: receiver operating characteristic; IMT:
intima-media thickness; AWE: arterial wall elasticity; FMD: flow-mediated vasodilation; AUC: area under the
receiver operating characteristic curve. Significance level: p<0.05.

radial AWE values were significantly higher in the
group with microangiopathic complications than in
the group without microangiopathic complications.
The ROC curves of the mean-IMT, max-IMT, bra-
chial AWE, radial AWE and FMD regarding microan-
giopathic complications are shown in Fig.2. The
AUCs of the mean-IMT, max-IMT, brachial AWE,
radial AWE and FMD were 0.52 (95% confidence
interval [CI] 0.43-0.60, p=0.70), 0.62 (95% CI 0.53-
0.71, p=0.01), 0.66 (95% CI 0.58-0.74, »<0.01),
0.65 (95% CI 0.57-0.73, p<0.01) and 0.56 (95% CI
0.47-0.65, p=0.17), respectively. When comparing
the AUCs of the mean-IMT, max-IMT, brachial
AWE, radial AWE and FMD, no differences were
found among the max-IMT, brachial AWE, radial
AWE or FMD. The AUCs of the brachial and radial
AWE were significantly higher than that of the mean-
IMT (Fig. 2).
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Discussion

As the number of atherosclerotic risk factors
increased, the brachial AWE and radial AWE values
increased in the T2DM patients without a history of
stroke or coronary artery disease. Although the mean-
IMT and max-IMT tended to increase while the
FMD decreased, the brachial and radial AWE pro-
duced more clear findings of atherosclerotic risk, to
some extent, than the other ultrasonic atherosclerosis-
related markers. When comparing the groups with
and without microangiopathic complications, the
max-IMT, brachial AWE and radial AWE values were
higher in the group with microangiopathic complica-
tions than in the group without microangiopathic
complications. Although the AUCs of the brachial
and radial AWE did not exhibit a high accuracy, the
AUCs of the brachial and radial AWE were approxi-
mately equal to that of the max-IMT and higher than
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those of the mean-IMT and FMD. Considering that
ultrasonic markers for atherosclerosis are not always
established™ ' 7% and the clinical relevance of max-
IMT for atherosclerosis has been indicated®’ in
T2DM patients, it appears meaningful to note that
the brachial and radial AWE may reflect atheroscle-
rotic risks, similar to the max-IMT and superior to the
mean-IMT and FMD, in this population.

As atherosclerotic disease progresses, endothelial
dysfunction leads to secretory disorders of physiologi-
cally active substances, such as nitric oxide derived from
the endothelium, inhibition of vascular smooth mus-
cle relaxation and reductions in vascular tone'7 4% 4,
This can partly induce the proliferation of vascular
smooth muscle cells and reduce the vascular smooth
muscle function "+ # %9, Histopathological data obtained
using the phased tracking method indicate high AWE
values in tissue with proliferation of vascular smooth
muscle cells'?. Another study showed that the radial
AWE is significantly and positively correlated with the
serum C-reactive protein level, an inflammatory index'®.
Inflammation induced by endothelial dysfunction is
the primary pathological basis for atherosclerosis'”.
Therefore, AWE measurement can be used to assess
the degree of atherosclerotic overload and vascular
complications.

FMD is the preferred method for evaluating the
endothelial function® # %) and the measurements of
AWE and FMD are thought to partially overlap. In
this study, the FMD tended to decrease in association
with an increased number of atherosclerotic risk fac-
tors; however, the degree was not large compared with
that of brachial and radial AWE. This may be because
the patients in our study had poor glycemic control
and multiple atherosclerotic risk factors, and the mean
FMD value was decreased, even in group 1 (normal
range 5-10%*19),

The carotid artery is a common site of athero-
sclerosis, and atherosclerotic changes in the carotid
artery often reflect systemic atherosclerosis® 7 4. A
large number of studies have demonstrated that the
carotid IMT is higher in patients with atherosclerotic
risk factors than in healthy subjects® *, while other
studies have showed that the carotid IMT is weakly
correlated with cardiovascular disease in T2DM
patients'® 3%, Previous studies of the association
between the IMT and microangiopathic complica-
tions have reported that the mean-IMT is weakly cor-
related with microangiopathic complications, while
the max-IMT is positively correlated with microangio-
pathic complications® *V. In our study, the carotid
IMT did not clearly increase in association with
increased atherosclerotic risk factors, and the max-
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IMT was increased significantly in the patients with
microangiopathic complications. Our results support
the findings of previous studies' 7, and we think
that the weak correlation observed between the carotid
mean-IMT and atherosclerotic risks may be partly due
to our study population containing T2DM patients.
The present study is associated with several limi-
tations. The study design was cross-sectional, and car-
diovascular event outcomes were not evaluated. Pro-
spective evaluations are needed to confirm the results

of our study.

Conclusions

As the number of atherosclerotic risk factors
increased, the brachial and radial AWE values increased
in T2DM patients without a history of stroke or coro-
nary artery disease. The brachial and radial AWE used
to detect microangiopathic complications were
approximately equal to the max-IMT. These results
indicate that the brachial and radial AWE can reflect
the degree of atherosclerotic overload and may be use-
ful for detecting vascular complications. Measuring
the upper limb AWE would be useful for assessing the
degree of subclinical atherosclerosis and lead to new
approaches for evaluating atherosclerosis.

Acknowledgments

This study was supported in part by Jichi Medi-
cal University.

Conflict of Interest Statement

The authors declare that there are no financial or
other conflicts of interest.

References

1) Yokoyama H, Kawai K, Kobayashi M: Microalbuminuria
is common in Japanese type 2 diabetic patients: a nation-
wide survey from the Japan Diabetes Clinical Data Man-
agement Study Group (JDDM 10). Diabetes Care, 2007;
30: 989-992

2) Kannel WB, McGee DL: Diabetes and cardiovascular dis-
case. The Framingham study. JAMA, 1979; 241: 2035-
2038

3) Nakamura T, Tsubono Y, Kameda-Takemura K, Funa-
hashi T, Yamashica S, Hisamichi S, Kita T, Yamamura T,
Matsuzawa Y, The Group of the Research for the Associa-
tion between Host Origin and Atherosclerotic Diseases
under the Preventive Measure for Work-related Diseases
of the Japanese Labor Ministry: Magnitude of sustained
multiple risk factors for ischemic hearr disease in Japanese
employees. A case~control study. Jpn Circ [, 2001; 65:



686

Mivamoto et &/,

11-17

4) Arai H, Ishibashi S, Bujo H, Hayashi T, Yokoyama S,
Oikawa S, Kobayashi J, Shirai K, Ot T, Yamashita S,
Goroda T, Harada-Shiba M, Sone H, Ero M, Suzuki H,
Yamada N, Research Committee for Primary Hyperlipid-
emia, Research on Measures against Intractable Discases
by the Ministry of Health, Labour and Welfare in Japan:
Management of type IIb dyslipidemia. ] Acheroscler
Thromb, 2012; 19: 105-114

5) Shoji T, Abe T, Mawsuo H, Egusa G, Yamasaki Y, Kashi-
hara N, Shirai K, Kashiwagi A: Chronic kidney disease,
dyslipidemia, and atherosclerosis. | Atheroscler Thromb,
2012; 19: 299-315

6) Martsuzawa Y, Funahashi T, Nakamura T: The concept of |

metabolic syndrome: contribution of visceral fac accumu-
lation and its molecular mechanism. | Acheroscler
Thromb, 2011; 18: 629-639
7y Adler Al, Stratton IM, Neil HA, Yudkin ]S, Marchews
DR, Cull CA, Wright AD, Turner RC, Holman RR:
Association of systolic blood pressure with macrovascular
and microvascular complications of type 2 diabetes
(UKPDS 36): prospective observational seudy. BM],
2000; 321: 412-419
8) Turner RC, Millns H, Neil HA, Stratton IM, Manley SE,
Marthews DR, Holman RR: Risk factors for coronary
artery disease in non-insulin dependent diabetes mellitus:
United Kingdom Prospective Diabetes Study (UKPDS:
23). BM]J, 1998; 316: 823-828
9) UK Prospective Diabetes Study Group: Tight blood pres-
sure control and risk of macrovascular and microvascular
complicarions in type 2 diabetes: UKPDS 38. BM]J, 1998;
317:703-713
10) Holman RR, Paul SK, Bethel MA, Marchews DR, Neil
HA: 10-year follow-up of intensive glucose control in
type 2 diabetes. N Engl ] Med, 2008; 359: 1577-1589
11) Yoshinaga M, Harke §, Tachikawa T, Shinomiya M,
Miyazaki A, Takahashi FH: Impact of lifestyles of adoles-
cents and their parents on cardiovascular risk factors in
adolescents. | Atheroscler Thromb, 2011; 18: 981-990
12) Beishuizen ED, Tamsma JT, Jukema [W, van de Ree MA,
van der Vijver JC, Meinders AE, Huisman MV: The
effect of statin therapy on endothelial function in type 2
diabetes without manifest cardiovascular disease. Diabetes
Care, 2005; 28: 1668-1674
13) Howard BV, Roman M]J, Devercux RB, Fleg JL, Galloway
JM, Henderson JA, Howard W], Lee ET, Mete M,
Poolaw B, Ratner RE, Russell M, Silverman A,Stylianou
M, Umans JG, Wang W, Weir MR, Weissman NJ, Wil-
son C, Yeh F, Zhu J: Effect of lower targets for blood pres-
sure and LDL cholesterol on atherosclerosis in diabetes:
the SANDS randomized trial. JAMA, 2008; 299: 1678-
1689
14) Kanai H, Hasegawa H, Ichiki M, Tezuka E Koiwa Y: Elas-
ticity imaging of atheroma with transcutancous ulera-
sound: preliminary study. Circulation, 2003; 107: 3018-
3021
15) Okimoto H, Ishigaki Y, Koiwa Y, Hinokio Y, Ogihara T,
Suzuki S, Kartagiri H, Ohkubo T, Hasegawa H, Kanai H,
Oka Y: A novel method for evaluating human carotid
artery elasticity: possible detection of early stage athero-

53

sclerosis in subjects with type 2 diabetes. Acherosclerosis,
2008; 196: 391-397

16) Uurtuya S, Kotani K, Taniguchi N, Marsunaga H, Kanai
H, Hasegawa H, Kario K, Ishibashi S, Iroh K: Relation-
ship berween upper limb peripheral artery stiffness using
the radial artery and atherosclerotic paramerers. ] Med
Ultrasonics, 2009; 36: 129-135

17) Ross R: Atherosclerosis--an inflammatory disease. N Engl
] Med, 1999; 340: 115-126

18) Fuller JH, Stevens LK, Wang SL: Risk factors for cardio-
vascular mortality and morbidity: the WHO Multina-
tional Study of Vascular Disease in Diabetes. Diabetolo-
gia, 2001; 44: S54-64

19) Cheung N, Wang JJ, Klein R, Couper DJ, Sharrett AR,
Wong TY: Diabetic retinopathy and the risk of coronary
heart disease: the Atherosclerosis Risk in Communities
Study. Diabetes Care, 2007; 30: 1742-1746

20) Bouchi R, Babazono T, Yoshida N, Nyumura I, Toya K,
Hayashi T, Hanai K, Tanaka N, Ishii A, Iwamoto Y: Asso-
ciation of albuminuria and reduced estimated glomerular
fileration rate wich incident stroke and coronary artery
disease in patients with type 2 diabetes. Hypertens Res,
2010; 33: 1298-1304

21) World Health Organization: Definition and Diagnosis of
Diabetes Mellitus and Intermediate Hyperglycemia:
Report of a WHO/IDF Consultation. Geneva, World
Healch Organization, 2006

22) American Diabetes Association: Diagnosis and classifica-
don of diabetes mellitus. Diabetes Care, 2008; 31: §55-
60

23) Wilkinson CP, Ferris FL 3rd, Klein RE, Lee PT, Agardh
CD, Davis M, Dills D, Kampik A, Pararajasegaram R,
Verdaguer ]JT: Global Diabetic Retinopathy Project
Group: Proposed international clinical diabetic retinopa-
thy and diabetic macular edema disease severity scales.
Ophthalmology, 2003; 110: 1677-1682

24) Matsuo S, Imai E, Horio M, Yasuda Y, Tomita K, Nitra I,
Yamagata K, Tomino Y, Yokoyama H, Hishida A: Collab-
orators developing the Japanese equation for estimated
GFR: Revised equations for estimated GFR from serum
creatinine in Japan. Am | Kidney Dis, 2009; 53: 982-992

25) Naticonal Kidney Foundation: K/DOQI clinical practice
guidelines for chronic kidney disease: evaluation, classifi-
cation, and stratificadon. Am | Kidney Dis, 2002; 39
(Suppl 1): S1-5266

26) Solini A, Penno G, Bonora E, Fondelli C, Orsi E, Arosio
M, Trevisan R, Vedovato M, Cignarelli M, Andreozzi F,
Nicolucci A, Pugliese G, Renal Insufficiency And Cardio-
vascular Events (RIACE) Study Group: Diverging associa-
tion of reduced glomerular fileration rate and albuminuria
with coronary and noncoronary events in patients with
type 2 diabetes: the renal insufficiency and cardiovascular
events (RIACE) lralian multicenter study. Diabetes Care,
2012; 35: 143-149

27) Nongpiur ME, Wong TY, Sabanayagam C, Lim SC, Tai
ES, Aung T: Chronic kidney disease and incraocular pres-
sure: the Singapore Malay Eye Study. Ophthalmology,
20105 117: 477-483

28) World Health Organization: WPR, International Associa-
tion for the Study of Obesity: the Asia-Pacific Perspective:



Arterial Wall Elasticity in Type 2 Diabetes

687

Redefining Obesity and Its Treatment. Health Communi-
cations, Australia Pry, Limited, Sydney, Australia, 2000:
17-18

29) Ogihara T, Kikuchi K, Matsuoka H, Fujita T, Higaki ],
Horiuchi M, Imai Y, Imaizumi T, Ito S, Iwac H, Kario K,
Kawano Y, Kim-Mitsuyama S, Kimura G, Mawsubara H,
Matsuura H, Naruse M, Saito I, Shimada K, Shimamoto
K, Suzuki H, Takishira S, Tanahashi N, Tsuchihashi T,
Uchiyama M, Ueda S, Ueshima H, Umemura S, Ishim-
itsu T, Rakugi H: Japanese Society of Hypertension Com-
miteee: The Japanese Society of Hypurtensmn Guidelines
for the Management of Hypertension (JSH 2009). Hyper-
tens Res, 2009; 32: 3-107

30) Kashiwagi A, Kasuga M, Araki E, Oka Y, Hanafusa T, lto
H, Tominaga M, “Okawa S, Noda M, Kawamura T,
Sanke T, Namba M, Hashiramoto M, Sasahara T, Nishio
Y, Kuwa K, Ueki K, Takei {, Umemoto M, Murakami M,
Yamakado M, Yatomi Y, Ohashi H, the Committee on
the Srandardization of Diabetes Mellitus-Related Labora-
tory Testing of Japan Diabetes Society (JDS): Interna-
tional clinical harmonization of glycated hemoglobin in
Japan: From Japan Diabetes Society to National Glycohe-
moglobin Standardization Program values. Diabetol Int,
2012; 3: 8-10

31) Teramoto T, Sasaki ], Ueshima H, Egusa G, Kinoshita M,
Shimamoto K, Daida H, Biro S, Hirobe K, Funahashi T,
Yokote K, Yokode M: Risk factors of atherosclerotic dis-
eases. Executive summary of Japan Atherosclerosis Society
(JAS) guideline for diagnosis and prevendon of athero-
sclerosis cardiovascular diseases for Japanese. | Atheroscler
Thromb, 2007; 14: 267-277

32) Terminology and Diagnostic Criteria Committee, Japan
Society of Ultrasonics in Medicine: Standard method for
ultrasound evaluation of carotid artery lesions. | Med
Ultrasonics, 2009; 36: 219-226

33) Yamasaki Y, Kawamori R, Martsushima H, Nishizawa H,
Kodama M, Kajimoto Y, Morishima T, Kamada T: Ath-
erosclerosis in carotid artery of young IDDM patients
monitored by ultrasound high-resolution B-mode imag-
ing. Diabetes, 1994; 43; 634-639

34) Celermajer DS, Sorensen KE, Gooch VM, Spiegelhalter
D], Miller O, Sullivan 1D, Lloyd JK, Deanfield JE: Non-
invasive detection of endothelial dysfunction in children
and adules at risk of atherosclerosis. Lancet, 1992; 340:
1111-1115

35) Corretti MC, Anderson TJ, Benjamin EJ, Celermajer D,
Charbonneau F, Creager MA, Deanfield ], Drexler H,
Gerhard-Herman M, Herrington D, Vallance P, Vi ],
Vogel R: International Brachial Artery Reactivity Task
Force; Guidelines for the ultrasound assessment of endo-
thelial-dependent flow-mediated vasodilation of the bra-
chial artery: a report of the International Brachial Artery
Reactivity Task Force. ] Am Coll Cardiol, 2002; 39: 257-
265

36) Hanley JA, McNeil BJ: The meaning and use of the area
under a recciver operating characreristic (ROC) curve.
Radiology, 1982; 143: 29-36

37) Miyamoto M, Korani K, Okada K, Fujii Y. Konno K,
Ishibashi S, Taniguchi N: The correlation of common

54

carorid arterial diameter with atherosclerosis and diabetic
retinopathy in patients with type 2 diabetes mellitus. Acta
Diabetol, 2012; 49: 63-68

38) Charvar J, Michalova K, Chlumsky ], Hordckovd M,
Valenta Z, Zddrska D: The significance of carotid artery
plaques in the detection of coronary artery disease in asymp-
tomatic type 2 diabetic patients. ] Int Med Res, 2006; 34:
13-20

39) Adams MR, Nakagomi A, Keech A, Robinson J, McCredic
R, Bailey BP Freedman SB, Celermajer DS: Carorid
intima-media thickness is only weakly correlated with the
extent and severity of coronary artery disease. Circulation,
1995; 92: 2127-2134

40) Cosranzo B, Perrone-Filardi P, Vassallo E, Paolillo S, Cesa-
rano B Breveui G, Chlaneilo M: Does carotid intima-
media thickness regression predict reduction of cardiovas-
cular events? A mera-analysis of 41 randomized wrials. ]
Am Coll Cardiol, 2010; 56: 2006-2020

41) Irie Y, Katakami N, Kanero H, Kasami R, Sumitsuji S,
Yamasaki K, Tachibana K, Kuroda T, Sakamoto K, Umaya-
hara Y, Ueda Y, Kosugi K, Shimomura I: Maximum
carotid intima-media thickness improves the prediction
ability of coronary artery stenosis in type 2 diabetic patients
withourt history of coronary artery disease. Atherosclero-
sis, 2012; 221: 438-444

42) Landmesser U, Drexler H: Endothelial function and
hypertension. Curr Opin Cardiol, 2007; 22: 316-320

43) De Vriese AS, Verbeuren TJ, Van de Voorde ], Lameire
NH, Vanhoutte PM: Endothelial dysfunction in diabetes,
Br ] Pharmacol, 2000; 130: 963-974

44) Miyamoto M, Kotani K, Ishibashi S, Taniguchi N: The
effect of antihypertensive drugs on endothelial function as
assessed by flow-mediated vasodilation in hypertensive
patients. Int ] Vasc Med, 2012; 2012: 453264

45) Sorensen KE, Celermajer DS, Spiegelhalter DJ,; Georga-
knpoulos D, Robinson |, Thomas O, Deanfield JE: Non-
invasive measurement of human endothelium dependent
arterial responses: accuracy and reproducibility. Br Heart
J, 1995; 74: 247-253

46) Clarkson P Celermajer DS, Donald AE, Sampson M,
Sorensen KE, Adams M, Yue DK, Betteridge DJ, Dean-
field JE: Impaired vascular reactivity in insulin-dependent
diabetes mellitus is related to disease duration and low
density lipoprotein cholesterol levels. ] Am Coll Cardiol,
1996; 28: 573-579

47) O'Leary DH, Polak JF, Kronmal RA, Manolio TA, Burke
GL, Wolfson SK Jr: Carotid-artery intima and media
thickness as a risk facror for myocardial infarction and
stroke in older adults. Cardiovascular Health Study Col-
laborative Research Group. N Engl ] Med, 1999; 340:
14-22

48) Lorenz MW, Markus HS, Bots ML, Rosvall M, Siczer M:
Prediction of clinical cardiovascular events with carotid
intima-media thickness: a systematic review and meta-
analysis. Circulation, 2007; 115: 459-467

49) Tran LT, Park HJ, Kim HD: Is the Carotid Intima-Media
Thickness Really a Good Surrogate Marker of Atheroscle-
rosis? ] Atheroscler Thromb, 2012 May 17. [Epub ahead
of print]



Endocrine Journal 2013, 60 (7), 913-922

ORIGINAL

Effects of miglitol versus sitagliptin on postprandial glucose
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Abstract. Postprandial hyperglycemia and/or hyperlipidemia can contribute to development of atherosclerosis in patients
with type 2 diabetes mellitus (T2DM). The objective of this study was to compare the effects of miglitol and sitagliptin on
postprandial glucose and lipid metabolism in patients with T2DM. Thirty-five patients with T2DM were randomized to 2
groups receiving miglitol (150 mg/day) or sitagliptin (50 mg/day). Serum variables related to glucose and lipid metabolism
were measured before and after treatment for 10 weeks and at 0, 60, and 120 min using a cookie-loading test (CLT). After
10 weeks of treatment, miglitol (n = 16) and sitagliptin (n = 18) caused a similarly significant decrease in hemoglobin A;,
(mean: 7.6% to 7.3% versus 8.0% to 7.6%) and a significant increase in fasting insulin levels, with a greater increase
observed in the miglitol group than in the sitagliptin group (p=0.03). In addition, a significant decrease in the change in
glucose levels after the CLT was observed in both groups, with a greater decrease observed in the miglitol group than in the
sitagliptin group (p=0.02). The miglitol group also showed a greater decrease in the change in insulin levels after the CLT
than the sitagliptin group (»<0.01). The lipid and lipoprotein levels did not show any significant differences between the
groups after the CLT. Our results suggested that miglitol and sitagliptin treatment resulted in similar glycemic control but
that a greater decrease in postprandial glucose and insulin levels was observed with miglitol compared with sitagliptin in
patients with T2DM.

Key words: u-Glucosidase inhibitor, Cookie-loading test, Dipeptidyl peptidase-4 inhibitor, Postprandial hypergiycemia,

Postprandial hyperlipidemia

POSTPRANDIAL HYPERGLYCEMIA and hyper-
lipidemia have been shown to be risk factors for ath-
erosclerosis [1-3]. Potential agents to target postpran-
dial hyperglycemia and hyperlipidemia in patients with
type 2 diabetes mellitus (T2DM) include a-glucosidase
inhibitors (AGIs) and dipeptidyl peptidase (DPP)-4
inhibitors. Miglitol is an AGI that improves postpran-
dial hyperglycemia and hyperlipidemia [4] and reduces
postprandial insulin requirements without deteriorating

lipid profiles (5]. In contrast, sitagliptin improves post-
prandial hyperglycemia [6] and hyperlipidemia [7, 8];
it has been shown to reduce postprandial lipid levels
from both intestinal and hepatic origins, most likely by
increasing incretin hormone levels, thereby improving
insulin sensitivity and B-cell function [7]. Sitagliptin
has been shown to be superior to voglibose, an AGIL, in
reducing postprandial glucose levels 120 min after con-
sumption of a commercially available meal in which
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the total caloric content was approximately 500 kcal,
with 75 g carbohydrate and 18.8 g protein [9].

Aoki et al. reported the effects of miglitol, sitaglip-
tin, and their combination treatment on plasma glucose,
insulin, and incretin levels in healthy men [10]. Each
agent reduced postprandial glucose levels within 120
min, and miglitol reduced postprandial insulin levels as
well, whereas sitagliptin did not. However, no studies
have compared directly postprandial states following
treatment with sitagliptin, which enhances insulin lev-
els, and treatment with miglitol, which reduces insu-
lin levels in patients with T2DM. To assess the effects
on postprandial hyperglycemia and hyperlipidemia, the
aim of the present study was to compare the effects of
10 weeks of treatment with miglitol or sitagliptin on
fasting and postprandial glucose and lipid metabolism
i patients with T2DM.

Subjects and Methods

Subjects
Thirty-five patients with T2DM were randomized to

2 groups: one received miglitol (150 mg/day, n=17) and
the other received sitagliptin (50 mg/day, n=18) for 10
weeks. Simple randomization was performed in order
of clinic visits using a random number table. Based on
previous reports that showed a 12-week post-interven-
tional decrease of 0.70% in hemoglobin A, (HbA )
with sitagliptin [9] and of 0.16% in HbA . with migli-
tol [11], the sample size was estimated to be approxi-
mately 15 in each group with a significance level (a)
of 5% and detection level (1 — B) of 80% (2-tailed).
Eligibility criteria were as follows: age > 20 years, the
absence of pregnancy, fasting serum triglyceride (TG)
levels < 250 mg/dL, HbA |, < 9.4%, serum creatinine
level < 1.0 mg/dL, and no changes in medications dur-
ing the 3 months before enrollment in the study. We also
excluded patients with a history of stroke, cardiovascu-
lar events, severe microangiopathy, recent acute illness,
inflammatory bowel diseases, past history of'ileus, type
1 diabetes mellitus, fasting serum C-peptide level <0.5
ng/mL and patients who were judged as not appro-
priate for participation. All subjects were instructed
not to change their usual dietary habits and continued
their medications, such as lipid-lowering drugs includ-
ing statins and anti-hypertensive drugs, for the dura-
tion of the study. The study protocol was approved by
the Jichi Medical University Ethical Committee, and
writtent informed consent was obtained from all partic-
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ipants. The protocol for this study was registered with
the UMIN Clinical Trial Registry as UMIN000009502,
based on the World Medical Association Declaration of
Helsinki guidelines.

Measurements
Body mass index was calculated as weight in kilo-

grams/height in square meters. At baseline and after 10
weeks of treatinent, blood samples were collected at the
outpatient clinic in the morning after overnight fasting
for measurement of the following parameters: HbA,,
1,5-anhydro-D-glucitol (1,5-AG), glucose, insulin, glu-
cagon, non-gsterified fatty acid (NEFA), total choles-
terol, TG, high-density lipoprotein cholesterol, apo-
lipoprotein Al, apolipoprotein All, apolipoprotein B
(ApoB), apolipoprotein CII, apolipoprotein CIII, apo-
lipoprotein E, apolipoprotein B48 (ApoB-48), remnant-
like particle cholesterol (RLP-C), aspartate aminotran-
sferase, alanine aminotransferase, and creatinine. A
high-performance liquid chromatography (HLC-723
G8; Tosoh, Tokyo, Japan) system was used to mea-
sure HbA . according to the International Federation
of Clinical Chemistry reference standard methods [12],
and HbA |, values are therefore shown as National
Glycohemoglobin Standardization Program equivalent
values in this study. 1,5-AG levels were measured using
the enzymatic method with the “Lana AG” column-en-
zyme assay kit (Nippon Kayaku Co. Ltd., Tokyo, Japan)
[13]. The homeostasis model assessment of insulin

* resistance was used to calculate an index from the prod-

uct of the fasting concentrations of plasma insulin (uIU/
mL) and plasma glucose (mg/dL) divided by 405 [14].
Plasma glucagon levels were measured by the radioim-
munoassay method using the Glucagon RIA Kit (Merck
Millipore, Merck, Ltd., Billerica, MA, USA). Serum
NEFA levels were measured using enzyme reagents
(NEFA-SS, Eiken Chemical Co. Ltd., Tokyo, Japan)
according to standard techniques. Total cholesterol,
TG, high-density lipoprotein cholesterol, aspartate ami-
notransferase, alanine aminotransferase, and creatinine
levels were measured by enzymatic methods using an
automatic analyzer (Hitachi Co. Ltd., Tokyo, Japan).
Low-density lipoprotein cholesterol levels were calcu-
lated by the Friedewald equation because all patients
had TG levels less than 400 mg/dL [15]. Serum apo-
lipoprotein Al, apolipoprotein All, ApoB, apolipopro-
tein CII, apolipoprotein CIII, and apolipoprotein E
levels were determined using turbidimetric immuno-
assays (Apo A-I Auto N “Daiichi,” Apo A-II Auto N
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“Daiichi,” Apo B Auto N “Daiichi,” Apo C-II Auto N
“Daiichi,” Apo C-TII Auto N “Daiichi,” and Apo E Auto
N “Daiichi”; Sekisui Medical Co. Ltd., Tokyo, Japan).
ApoB-48 levels were measured by enzyme immuno-
assay (Lumipulse apo B48; Fujirebio, Inc., Tokyo,
Japan) according to the method described by Uchida er
al [16]. RLP-C levels were measured using an immu-
noseparation method (RLP-C Jimro II Kit; Otsuka
Pharmaceutical Co. Ltd., Tokyo, Japan) [17].

Cookie-loading test

The cookie-loading test (CLT) was performed after
an overnight fast using previously described meth-
ods [18] at baseline and 10 weeks after the start of
each treatment. Subjects were instructed to refrain
from smoking and drinking coffee or alcoholic bever-
ages beginning the night before the study. The cookie
consisted of 75 g carbohydrate, 28.5 g butter, and 8 g
protein for 592 kecal (Saraya Co. Ltd., Osaka, Japan).
Subjects were encouraged to ingest the cookie with
water within 15 min. Time measurement was started
when half of the cookie had been ingested. Sitagliptin
and 100 mL water were given 30 min before the CLT
as previously reported [9], whereas miglitol and 100
mlL water were given immediately before the CLT [19].
Blood samples were obtained during the fasting state
before cookie ingestion and at 60 min and 120 min
after the cookie load. Plasma glucose, insulin, gluca-
gon, TG, Apo-B, RLP-C, and NEFA levels were deter-
mined at each time point.

Data analysis :
The primary outcomes were change from baseline
in HbA,, at 10 week between the 2 groups. The sec-
ondary outcomes were parameters related to glucose
metabolism (except HbA ) and lipid metabolism. The
data are presented as mean = standard deviation (SD)
for parametric variables, medians with interquartile

Table 1 Patient characteristics
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ranges for nonparametric variables, and numbers for
categorical variables. Nonparametric variables were
log-transformed in the analyses. Differences between
the 2 groups were examined using the unpaired /-test
and the chi-square test. Differences before and after
treatment in each group were examined using paired
ttests, and differences before and after treatment
between the 2 groups were examined using a 2-way
(group and time) analysis of variance (ANOVA). With
regard to the effects of the CLT on variables, changes of
respective variables within each group were examined
using repeated-measures ANOVA (followed by post-
hoc multi-comparison Bonferroni tests), and changes
between the 2 groups were examined using 2-way
(group and timing) ANOVA. Correlations between
changes in variables were examined using Pearson tests.
Changes in respective variables after the CLT were also
assessed by the area under the curve (AUC), calculated
using the trapezoidal method [20]. Statistical signifi-
cance was set at a p-value of less than 0.05. All analy-
ses were performed using the SPSS I software package
(IBM Corporation, Armonk, NY, USA).

Results

Patients

Afterrandomization, one patientin the miglitol group
dropped out of the study because of abdominal disten-
tion. The demographic characteristics of the patients
were similar between the 2 freatment groups (Table 1),
and variables related to glucose and lipid metabolism
were similar between the 2 groups. However, the sita-
gliptin group had significantly higher levels of fasting
insulin and homeostasis model assessment of insulin
resistance than the miglitol group (Table 2).

Parameters related to glucose metabolism
The changes from baseline in HbA,., as the pri-

Miglitol Sitagliptin p-value
Men/women 8/8 5/13 0.18
Age (years) 64.94+10.2 66.3+6.7 0.65
Duration of diabetes (vears) 7.0 (4.3-14.3) 9.5 (5.5-15.3) .35
Use of antidiabetic agent, % (n)
Diet only 31.3(5%) .1 (2) 0.15
Sulfonylurea 56.3 (9) 66.7 (12) 0.82

Data are presented as the number, percentage, mean # SD, or median (interquartile range).
p<0.05 as a comparison between the miglitol and sitagliptin groups.

57



916

Okada et al.

Table 2 Clinical data for each variable at baseline and after 10 weeks of sitagliptin or miglitol treatment in patients with type 2

diabetes mellitus

Miglitol Sitagliptin

Parameters Baseline Week 10 pl Baseline Week 10 P p2 p3

Body mass index (kg/m®) 23.7£2.9 237+29 0.81 25.0+£3.9 25.0+3.9 0.92 029 028
HbA | (%) 7.6+ 0.6 7307 <0.01* 8.0£07 T.6+0.6 <0.01% 010 023
1,5-AG (ng/mL) 7.2(40-11.6)  12.9(74-18.5) <0.01% 6.0(3.6-10.0) 10.2(6.9-16.2) <0.01* 053 043
Glucose (mg/dL) 131 %26 138 +£26 0.21 142£27 12922 0.06 026 090
Insulin (ufU/mL) 3.8 (2.5-5.0) 5.8(2.8-7.2) 0.11 54 (45-7.0) 6.3 (4.0-8.9) 0.15 0.03%  0.03%
HOMA-IR 116 (0.79-2.01) 1.71(0.85-2.62)  0.10 2.08(1.45-2.38) 2.08 (1.29-3.02) 0.89  0.03* 005
Glucagon (pg/mL) 635.5£21.8 67.4%24.6 0.60 688178 67.9+21.1 0.86 0.63 0.78
NEFA (nEq/L) 651 (339-651) 511 (375-768) 0.69 636 (495-793) 647 (473-714)  0.26 0.40 037
Total cholesterol (mg/dL) 198 =28 199 + 29 0.91 186+ 35 181 £28 0.42 0.28 0.13
Triglyceride (mg/dL) 121 (78-236) 97 (80-167) 0.21 109 (67-174) 122 (81-135)  0.87 035 043
HDL-cholesterol (mg/dL.) 58+ 14 5813 0.86 60 £ IR 5716 0.14 0.74 096
LDL-cholesterol (mg/dL) 1083253 1148+253 0.24 99.6 £26.3 100.0 +£22.6 0.94 034 0.4
Apolipoprotein A [ (mg/dL) 147.1 £27.6 141.8£25.0 0.03%  1543£287 15034279 0.32 046 039
Apolipoprotein A II (mg/dL) 30582 28.0£8.0 <0.001*  31.8+48 31.3x45 0.53 0.58 030
Apolipoprotein B (mg/dL) 1023+ 15.5 102.8 = 19.8 0.87 98.1+ 18.1 94.4+ 16.1 0.46 0.08 0.10
Apolipoprotein C 1 (mg/dL) 53%27 54+3.0 0.83 3.8+1.6 38414 0.78 005 003
Apolipoprotein C [Tl (mg/dL) 10.6+£43 9.7+3.7 0.04* 97+33 94426 0.59 050 0.63
Apolipoprotein E (mg/dL) 4809 45+09 0.19 42%13 4313 030 013 028
Apolipoprotein B48 (ug/mL) 2.9 (1.7-6.7) 2.9 (2.2-6.8) 0.88 43(2.1-58)  33(1.8-53) 0.01* 0.69  0.97
RLP-C (mg/dL) 4.1 (3.0-7.9) 3.4(2.6-52) 0.10 4.02.7-32)  3.6(3.3-48) 0.81 039 062
AST (IU/L) 21 (17-28) 20 (17-26) 0.55 19 (18-27) 23 (18-33) 0.19 051 027
ALT (TU/L) 20(16-32) 24 (16-30) 0.82 21 (15-24) 26 (16-32) 0.07 0.86  0.51

Creatinine (mg/dL) 0.69+0.18 0.70+0.19 0.50 0.60+0.10 0.61+0.12 0.54 0.06  0.07

HbA ., hemoglobin A, 1,5-AG, 1,5-anhydro-D-glucitol; HOMA-IR, homeostasis model assessment of insulin resistance; NEFA, non-
esterified fatty acid; HDL, high-density lipoprotein; LDL, low-density lipoprotein; RLP-C, remnant-like particle cholesterol; AST, aspartate
aminotransferase; ALT, alanine aminotransferase. Data are presented as the mean = SD or median (interquartile range). *p'<0.03, comparison
of respective data between bascline and after 10 weeks of treatment with miglitol or sitaglipting *p°<0.05, comparison of baseline data
between the miglito] and sitagliptin groups; *p’<0.03, comparison of changes in respective data between the miglitol and sitagliptin groups;
When the patient in the miglitol group who dropped out was considered in the analyses, the results (p-values) did not change.

mary endpoint, at 10 week were similar between the 2
groups (Table 2). After 10 weeks of treatment, HbA .
levels were significantly decreased in both groups,
whereas 1,5-AG levels were significantly increased
in both groups. Treatment with miglitol significantly
increased changes in fasting insulin levels compared
with treatment with sitagliptin at 10 weeks (p=0.03).
Plasma glucose, insulin, and glucagon levels during
the CLT before and after treatment are shown in Fig. 1.
Plasma glucose, insulin, and glucagon levels were sig-
nificantly increased during the CLT before and after 10
weeks for both treatments. After 10 weeks of treat-
ment, both the miglitol and sitagliptin groups exhib-
ited a significant reduction in glucose levels before and
at 60 and 120 min after the CLT. Mean changes in

decreased glucose levels during the CLT were signifi-
cantly greater in the miglitol group than in the sitaglip-
tin group (»p=0.02). The changes in insulin and glu-
cagon levels were different between the miglitol and
sitagliptin groups. After 10 weeks of treatment, plasma
insulin levels were significantly increased in both
groups after the CLT. However, changes in insulin lev-
els were significantly increased in the sitagliptin group
but were suppressed in the miglitol group (p<0.01).
Plasma glucagon levels were significantly increased in
the miglitol group after the CLT. In contrast, plasma
glucagon levels remained essentially stable in the sita-
gliptin group after the CLT.

The AUCs for glucose, insulin, and glucagon levels
during the CLT before and after treatment are shown
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Time course of glucose, insulin, and glucagon levels after the cookie-loading test at baseline and after 10 weeks of treatment
with sitagliptin or miglitol in patients with type 2 diabetes mellitus. Data are presented as the mean + standard deviation. Two-
way analysis of variance was followed by a Bonferroni posr hoc test. Open squares (0), at baseline; Closed squares (&), at 10
weeks. ##*p<0.01 versus time 0 min, *p<0.05 versus time 0 min, *¥p=0.01 versus time 0 min, ###p<0.01 versus time 60 min,
#p<0.05 versus time 60 min, ##p=0.01 versus time 60 min. Comparison of repeated changes in respective data at baseline or
after 10 weeks of treatment with miglito! or sitagliptin. {p<0.05 versus Miglitol.
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Table 3 Changes in each AUC variable at baseline and after 10 weeks of treatment with sitagliptin or miglito] in patients with type 2
diabetes mellitus

Time Miglitol Sitagtiptin

Parameters {min) Baseline Week 10 p’ Baseline Week 10 P P
Glucose 0-60 11481 4 2075 9334 £ 1710 <0.01% 12172 + 1578 10367 + 1509 <0Q.01% 0.1
(mgmindl) 0 104 15259 4 2007 11424+ 1973 <0.01% 16461 +2105 13858 2413 <0.01* 0.02%7
0-120 26739 + 4890 20758£3599 < 0.01% 28633 %3420 2416543804 <0.01% 003
60 TGOS 47SGSSEIN)  <001% S OT01309) ST 068 <00r*
) 60120 1S44(9712110) 900 (642-1315) <001 1994 (12042481) 2651 (1735:3563) 009 0.02%
01200 2400(1487-3233) 1444 (1028-1962)  <0.01% 2651 (17353565) 2818 (1814-3780) 020 - 0.01%
Glucagon 0-60 4280.6 -+ 1205.8 4522.5+ 1370.5 0.16 4518.3 + 943.1 4086.7 % 1230.0 0.10  0.80
Pemin/dl) (0 150 43706+ 13138 48469+ 13185 <0.01*  4630.0+999.0 39883+ 12464  0.02% 045
0120 8651.3 424715 9369.4+2638.2  0.01% 91483219126 8075.0+2453.9  0.04% 06l

060 760S(4958-13260)  5250(48159735)  0.01%  7580(4958-9735) 8025 (6255-8723) 065 078

60-120 9000 (6060-15007) 7065 (5152-10380) <001% 9915 (6870-12570) 9960 (8032-11828) ~ 0.96 097

0-120 16605 (10560-28125) 12465 (9968-20115) <0.01% 17895 (12300-21990) 17805 (14940-20415) 083 091
Apolipeprotein  0-60 269 (195-548) 201 (150-450)  <0.01% 333 (248-529) 270 (191-386) < 0.01* (.53
a‘lggmwmu 60-120 401 (290-769) 348 (239-581) 0.01% 464 (346-617) 381 (316-521) 0.03%  0.65
0-120 669 (498-1317) $52 (423-1031)  <0.01% 805 (596-1186) 651 (522-910) 0.01%  0.60

060 287(212-530) 228 (181-342)  <001* 320 (209-386) 264 (225-336) 0.4 099

60-120 -+ 369(266-608) 320(200426) <001 419 (302-504) 353 (278-410) 001 097

G 0-120 636 (483-1136) 555(383.789)  <0.01% 746 (500-896) 611 (560-731) 012 098
NEFA 0-60 29762 £ 1081 28633 = 1093 0.71 31237 £ 7411 29700 + 9155 0.42 0.49
(WEamin/l) o0 100 22866 + 6308 22029+ 8131 0.97 21712 £ 4617 21563 #7488 091 074
0-120 52629+ 16215 51563 + 18353 0.81 52948 + 10844 51260+ 16410 058 084

RLP, remnant-like particle cholesterol; NEFA, non-esterified fatty acid. Data are presented as the mean =+ SD or median (interquartile
range). p', comparison of respective data between baseline and after 10 weeks of treatment with miglitol or sitagliptin; p?, comparison
of changes in respective data between the miglitol and sitagliptin groups. "When baseline insulin-adjusted analysis was performed, the

results (p-values) did not change.

in Table 3. Before treatment, the AUCs for glucose
and insulin levels were similar between the 2 groups.
After 10 weeks of treatinent, the AUC for glucose lev-
els was significantly decreased in both groups (p<0.01
in both groups). In particular, the AUC for glucose lev-
els decreased significantly from 60 to 120 min in the
miglitol group but not in the sitagliptin group (p=0.02).
After 10 weeks of treatment, the AUC for insulin lev-
els was significantly decreased in the miglitol group.
On the other hand, the AUC for insulin levels tended
to increase in the sitagliptin group. Although the AUC
for glucagon levels was increased in the miglitol group,
especially from 60 to 120 min, the AUC for glucagon
levels was significantly decreased in the sitagliptin
group. In addition, although the patient in the miglitol
group who dropped out was considered in these anal-
yses, the results did not change significantly. When
an at-baseline insulin adjustment was performed in the

analyses of changes in glucose levels after CLT, the
results did not change (data not shown).

Parameters related to lipid metabolism

Plasma TG, ApoB-48, and RLP-C levels were sig-
nificantly increased and NEFA levels were significantly
decreased during the CLT before and after 10 weeks
of treatment for both groups (Table 4). However, TG,
ApoB-48, RLP-C, and NEFA levels did not signifi-
cantly change in both groups at 10 weeks after the CLT
as compared with week 0.

The miglitol group exhibited a significant reduc-
tion in the AUCs of TG, ApoB-48, and RLP-C after
10 weeks of treatment (Table 3). On the other hand,
the sitagliptin group exhibited a significant reduction
only in the AUC of ApoB-48 after 10 weeks of treat-
ment. The AUCs for NEFA were similar in both groups
before and after 10 weeks for each treatment.
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Table 4 Changes in postprandial levels of each variable at baseline and after 10 weeks of treatment with sitagliptin or miglitol in

patients with type 2 diabetes mellitus

Miglitol Sitagliptin
Parameters Time {min) 0 60 120 P 7 0 60 120 P! »* 2
. 121 133 168 16 151 185 .
Triglycoride Bascline  m7o14y  (84-2289* (Lis276)% <0017 (66-150) (101-177)*  (125-240)2¢ <001 042
(mg/dL) 92 93 138 122 146 189
Week 10 s0163)  (s0-162)  os-asmyse <00 08 o0 13y (11sae0)® (raaapyne <O01T 087061
g o . 43 72 83 et R
i Bascline  on T e R L e e N 0.78
Al e azen @I58 (61100* G504 "0 :
BdS(ng/mly = ag o 33 60 e
L WekID 5268 (28 112y (1853) @s7ec aoqn SO0 0B OM
. 4l 55 68 40 66 71
Baseline 3099y @498 @dg-106% 0O Q752 @s76¢ (5293  00F 0.60
RLP-C (mg/dL)
34 43 65 . 36 50 6.7 ‘
Wek 10 0652 262 Gsso P07 0P q5ue @ie2y G074 <0017 046074
o DO ey T desTen) (0484)° {”?1»3853“3 =00 048>
NEFA{#WL) : e s S : S
e ‘Wm,km' : o8 o as BT 4)01 051 093
: : CAT3T14) (3044907 (240-389)% gt 0

RLP C, rcmnant~11ke particle cholcstewl NEFA nan—estenﬁed fatty acxd Data are pres»nted as the median (mtcrquarnle range)

p , comparison of repeated changes in respective data at baseline or after 10 weeks of treatment with miglitol or sitagliptin; N comparison
of repeated changes in respective data between baseline and after 10 weeks treatment with miglitol or sitagliptin; p°, comparison of
repeated changes in respective data between the miglitol and sitagliptin groups at baseline or after 10 weeks of treatment. *p<0.01 versus
time 0 min, %<0.05 versus time 0 min, p<0.01 versus time 60 min, 4<0.05 versus time 60 min, When the patient in the miglitol group
who dropped out was considered in the analyses, the results (p-values) did not change.

Discussion

Although' both miglitol and sitagliptin treatment
similarly reduced glucose levels after 10 weeks, migli-
tol caused a greater reduction in postprandial hyper-
glycemia through a mechanism involving the regula-
tion of insulin levels that was contradictory to that of
the sitagliptin mechanism. This head-to-head prospec-
tive comparative study between miglitol and sitagliptin
treatment for 10 weeks revealed different changes in
insulin and glucagon levels during the CLT.

Elevation of postprandial glucose levels was sup-
pressed significantly by both miglitol and sitagliptin in
this study. However, postprandial insulin and gluca-
gon levels were different between the 2 groups. Lower
plasma insulin levels with higher glucagon levels were
seen in the miglitol group, whereas a moderate increase
in insulin levels with lower glucagon levels was seen
in the sitagliptin group. Miglitol enhances glucagon-
like peptide-1 (GLP-1) secretion and reduces glucose-
dependent insulinotropic polypeptide (GIP) secretion
through absorption in the upper portion of the small
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intestine; therefore, a relatively higher amount of carbo-
hydrates was absorbed in the lower portion of the small
intestine [5, 10, 21, 22]. The tendency for decreased
insulin levels may explain the increased glucagon lev-
els with miglitol treatment [23]. In contrast, sitagliptin
has been shown to enhance the activity of GLP-1 and
GIP by inhibiting DPP-4 enzymatic activity; therefore,
sitagliptin increases serum insulin and decreases serum
glucagon levels in patients with T2DM [6, 24]. A meal
tolerance test such as the CLT has a greater effect on
GIP secretion than GLP-1 secretion, and the GIP level
peaked at 30 min in Japanese patients with T2DM [25].
GIP contributes more to secretion of insulin than does
GLP-1 [26] on the basis of the baseline HbA,, in this
study. Thus, although we did not measure GLP-1 and
GIP levels as well as glucose and lipid parameters at 30
min during the CLT in this study, we expect that this
difference can be partly explained by the fact that glu-
cagon, in addition to GIP rather than GLP-1, is regu-
lated by insulin levels [27].

In our study, mean values of changing postpran-
dial hyperlipidemia exhibited similar reductions in



