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ABSTRACT
Background: Glycemic excursion is significantly as-

sociated with oxidative stress, which plays a role in the
development of chronic complications in type 2 diabe-
tes mellitus (T2DM). Acarbose has been reported to
reduce cardiovascular risk in patients with impaired
glucose tolerance and T2DM. We hypothesize that
treatment with acarbose could attenuate glycemic ex-
cursions and reduce oxidative stress in patients with
T2DM.

Objective: This study aimed to evaluate the effects
of acarbose versus glibenclamide on mean amplitude
of glycemic excursions (MAGE) and oxidative stress in
patients with T2DM who are insufficiently controlled
by metformin.

Methods: T2DM outpatients aged 30 to 70 years
ho were taking single or dual oral antidiabetic drugs

or �3 months and had a glycosylated hemoglobin
HbA1c) value between 7.0% and 11.0% were eligible.

Patients were treated with metformin monotherapy
(1500 mg daily) for 8 weeks, followed by randomiza-
tion to either acarbose or glibenclamide add-on for 16
weeks. The dosage of acarbose and glibenclamide was
50 mg TID and 2.5 mg TID, respectively, for the first 4
weeks. In the following 12 weeks, the dosage was dou-
bled in both groups. Continuous glucose monitoring
(CGM) for 72 hours and a meal tolerance test (MTT)

after a 10-hour overnight fast were conducted before
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randomization and at the end of study. MAGE was
calculated from CGM data. �-cell response to post-
prandial glucose increments was assessed by the ratio
between incremental AUC of insulin and glucose dur-
ing MTT. Oxidative stress was estimated by plasma
oxidized LDL (ox-LDL) and urinary excretion rates of
8-iso prostaglandin F2� (8-iso PGF2�). The primary
utcomes included changes in MAGE, plasma ox-
DL, and urinary excretion of 8-iso PGF2�. Adverse

events, including hypoglycemia, were recorded.
Results: A total of 55 patients were randomized

(mean age, 54 years; males, 47%; mean body mass
index, 25.9 kg/m2; mean duration of diabetes, 6.9
years; mean HbA1c, 8.3%) and 51 patients completed
this study (acarbose, n � 28; glibenclamide, n � 23).
HbA1c decreased significantly in both treatment
groups (acarbose: 8.2 [0.8]% to 7.5 [0.8]% [P �
0.001]; glibenclamide: 8.6 [1.6]% to 7.4 [1.2]% [P �
0.001]). MAGE did not change significantly in gliben-
clamide-treated patients (6.2 [2.8] mmol/L to 6.3 [2.3]
mmol/L; P � 0.82), whereas ox-LDL (242.4 [180.9]
ng/mL to 470.7 [247.3] ng/mL; P � 0.004) and urinary
xcretion of 8-iso PGF2� (121.6 [39.6] pmol/mmol cre-
tinine to 152.5 [41.8] pmol/mmol creatinine;
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P � 0.03) increased significantly. Acarbose decreased
MAGE (5.6 [1.5] mmol/L to 4.0 [1.4] mmol/L; P �
0.001) without significant change in ox-LDL levels
(254.4 [269.1] ng/mL to 298.5 [249.8) ng/mL; P �
.62) or 8-iso PGF2� excretion rates (117.9 [58.1]
mol/mmol creatinine to 137.8 [64.4] pmol/mmol cre-
tinine; P � 0.12). Body weight and serum triglycer-
des (fasting and 2-hour postprandial) decreased (all,

� 0.01) and serum adiponectin increased (P � 0.05)
after treatment with acarbose, whereas HDL-C de-
creased (P � 0.01) after treatment with glibenclamide.
�-cell response to postprandial glucose increments was
negatively correlated with MAGE (r � 0.570, P �
0.001) and improved significantly with acarbose (35.6
[32.2] pmol/mmol to 56.4 [43.7] pmol/mmol; P �
0.001) but not with glibenclamide (27.9 [17.6] pmol/
mmol to 36.5 [24.2] pmol/mmol; P � 0.12).

Conclusions: In this select population of adult Tai-
wanese patients with T2DM who were inadequately
controlled by metformin, add-on acarbose or glibencl-
amide significantly reduced HbA1c. However, treat-

ent with acarbose decreased MAGE, body weight,
nd serum triglyceride and increased serum adiponec-
in without significant effect on oxidative stress. Treat-
ent with glibenclamide had no statistically signifi-

ant effect on MAGE but increased oxidative stress
nd decreased HDL-C. ClinicalTrials.gov identifier:
CT00417729. (Clin Ther. 2011;33:1932–1942) ©
011 Elsevier HS Journals, Inc. All rights reserved.

Key words: �-cell function, continuous glucose
monitoring, glycemic excursion, oxidative stress, type
2 diabetes.

INTRODUCTION
Cardiovascular disease is the leading cause of death in
people with type 2 diabetes mellitus (T2DM). Hyper-
glycemia-induced activation of oxidative stress plays
an important role in the development of chronic dia-
betic complications1 and also increases cardiovascular
isk.2 Although both fasting and postprandial glucose

(PPG) contribute to overall hyperglycemia,3,4 several
studies report that PPG is more closely related to car-
diovascular risk and mortality than is fasting glu-
cose.5,6 There is also increasing evidence showing that
glucose fluctuation is an important factor, in addition to
sustained hyperglycemia, in activating oxidative stress
and inducing endothelial dysfunction.7,8 Monnier et al8
reported that acute glucose fluctuation, assessed by
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mean amplitude of glycemic excursions (MAGE) de-
rived from continuous glucose monitoring (CGM),9

was positively correlated with oxidative stress in
T2DM patients (r � 0.86, P � 0.001).10 These findings
make PPG an important target of glycemic control in
diabetes patients.

Acarbose, an �-glucosidase inhibitor that attenuates
PPG through delaying intestinal carbohydrate absorp-
tion, has been reported to reduce cardiovascular risk in
patients with impaired glucose tolerance and T2DM.11

However, the mechanism underlying the beneficial ef-
fects of acarbose on cardiovascular disease is not
clearly understood. There is evidence from an animal
study that suggests that acarbose could help prevent
hyperglycemia-induced oxidative stress and vascular
dysfunction.12 However, whether a decrease in glyce-
mic excursion after treatment with an oral antidiabetic
drug (OAD) leads to a decrease in oxidative stress in
diabetic patients is not clearly understood. Based on
these findings, we hypothesize that treatment with ac-
arbose could attenuate glycemic excursions and reduce
oxidative stress in T2DM patients. Treatment guide-
lines recommend metformin as a first-line OAD in
treatment of T2DM patients13; sulfonylurea is recom-
mended for patients whose diabetes is inadequately
controlled by metformin.13 This study aimed to evalu-
ate the effects of acarbose versus glibenclamide, a com-
monly used sulfonylurea in Taiwan,14 on MAGE and
oxidative stress in T2DM patients inadequately con-
trolled by metformin.

PATIENTS AND METHODS
This 24-week, randomized, open-label, parallel-group
study was conducted in accordance with the Declara-
tion of Helsinki in 2 medical centers in central Taiwan.
The study protocol was approved by the Institutional
Review Board of Taichung Veterans General Hospital
and Chang-Hua Christian Hospital. T2DM outpa-
tients were eligible if they were aged 30 to 70 years,
were on mono- or dual OAD therapy for �3 months,
and had a glycosylated hemoglobin (HbA1c) value of
.0% to 11.0%. Patients were excluded if they were
reated with insulin or drugs that promote weight loss,
ad impaired renal (serum creatinine concentration �
132.6 �imol/L) or liver (aspartate aminotransferase

or alanine aminotransferase 2.5 times greater than the
normal range) function, had a history of hemoglobi-
nopathy or chronic anemia, or were women of child-

bearing potential without adequate contraception. All
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patients provided their informed written consent prior
to any study-related procedures including screening.

Patients were treated with metformin monotherapy
(1500 mg daily) for 8 weeks and then randomized in a
1:1 ratio to receive either acarbose (Bayer Schering
Pharma, Taiwan) or glibenclamide (Veterans Pharma-
ceutical Plant, Taiwan) as an add-on for 16 weeks.
Dosages were 50 mg TID for acarbose and 2.5 mg TID
for glibenclamide for the first 4 weeks. For the follow-
ing 12 weeks, dosages were doubled in each group, if
tolerable. Randomization was coordinated by a re-
search assistant using a computer-generated block ran-
domization table, and the group assignments were not
concealed from those who enrolled subjects. CGM of
subcutaneous interstitial glucose over 72 hours and a
meal tolerance test (MTT) after a 10-hour overnight
fast were conducted before randomization and at the
end of the study period. Oxidative stress was estimated
from plasma levels of oxidized LDL (ox-LDL) and uri-
nary excretion rates of 8-iso prostaglandin F2� (8-iso
PGF2�) measured from morning spot urine samples.15

Continuous Glucose Monitoring
A Medtronic MiniMed CGM system (Northridge,

Calif) was used for continuous glucose measurements
on an ambulatory basis over a 72-hour period.16 Pa-
tients were asked to enter meal event markers into the
system. We calculated PPG AUC 3 hours after meal
markers for glucose values greater than preprandial
glucose to represent incremental AUC (IAUC). Mean
sensor glucose, sensor glucose range, and the period of
time that participants’ glucose levels were �10.0
mmol/L or �3.8 mmol/L were calculated from the da-
tasets. MAGE was calculated as previously described
for assessing glucose fluctuations.9

Meal Tolerance Test
Patients were asked to consume 1.5 cans of Ensure

Liquid (Abbott Laboratories Services Corp, Taiwan)
(266 kcal/can; caloric contribution: 64% carbohy-
drate, 14% fat, and 22% protein) after a 10-hour over-
night fast. Blood samples were drawn at 0, 10, 20, 30,
60, 90, 120, and 180 minutes (4 mL at each time point)
for the measurements of glucose (with tubes containing
sodium flouride) and insulin. Triglyceride levels were
also measured at 120 minutes after the meal ingestion.
IAUC for insulin and glucose were calculated with the
trapezoidal method. �-cell response to PPG increments

was calculated as the ratio between IAUC of insulin t
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and glucose during the MTT.17 Insulin resistance and
�-cell function were calculated using the homeostasis
model assessment (HOMA) method (represented as
HOMA-IR and HOMA-�, respectively).18

Outcomes
The primary outcomes included changes in MAGE

obtained from CGM, plasma levels of ox-LDL, and
urinary excretion rates of 8-iso PGF2� before random-
ization and at study end. The secondary outcomes in-
cluded changes in plasma concentrations of HbA1c,
ipid profiles (including total cholesterol, LDL-C,
DL-C, and triglycerides), high-sensitivity C-reactive
rotein (hs-CRP), total and high molecular weight
HMW) adiponectin.

Laboratory Measurements
Plasma glucose was measured by the glucose oxi-

dase–peroxidase method (Advia 1800; Siemens
Healthcare Diagnostics Inc., Deerfield, Illinois). The
inter- and intra-assay %CV for glucose were both
�1.5%. Serum insulin was determined using electro-
chemiluminescence immunoassay (Elecsys 2010;
Roche Diagnostics, Indianapolis, Indiana). The inter-
and intra-assay %CV for insulin were 1.8% and 2.5%,
respectively. HbA1c was measured by cation-exchange

PLC (HLC-723 G7; Tosoh Bioscience Ltd., Worces-
ershire, United Kingdom). The inter- and intra-assay

CV for HbA1c were both �4.0%.
Blood samples (10 mL) were drawn after an over-

ight fast for measurement of ox-LDL, adiponectin,
s-CRP, and lipid profiles. Blood specimens were cen-
rifuged and serum was separated and stored at �70°C
ntil analysis. Commercial ELISA kits were used to
etermine serum concentrations of ox-LDL (Immundi-
gnostik AG, Bensheim, Germany),19 adiponectin

(R&D Systems, Inc., Minneapolis, Minnesota),20 and
MW adiponectin (Alpco Diagnostic, Salem, New
ampshire)21 according to the manufacturers’ proto-

cols. The intra- and inter-assay %CV for ox-LDL were
3.9% and 5.7%, for adiponectin were 3.53% and
6.5%, and for HMW adiponectin were both �5%,
respectively. Serum hs-CRP was determined by parti-
cle-enhanced immunoturbidimetry (latex micropar-
ticles sensitized with duck anti-CRP IgY kit [Good Bio-
tech Corp, Taichung, Taiwan]).22 The intra-assay and
nter-assay %CV were 1.4% and 1.42%, respectively.

Serum total cholesterol was determined by choles-

erol esterase–cholesterol oxidase–peroxidase method
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(Advia 1800; Siemens). The intra- and inter-assay
%CV were both �2.0%. Serum LDL-C and HDL-C
were determined by elimination–catalase method (Ad-
via 1800; Siemens). The intra- and inter-assay %CV
for LDL-C were 0.8% and 2.8% and for HDL-C were
1.3% and 2.2%, respectively. Serum triglyceride levels
were determined by glycerol kinase–glycerophosphate
oxidase–peroxidase method (Advia 1800; Siemens).
The intra- and inter-assay %CV were 1.0% and 1.6%,
respectively. Urine samples (3 mL) were collected be-
fore MTT and stored at �70°C until analysis. The
rinary concentration of 8-iso PGF2� was assayed us-
ng an ELISA kit (Oxford Biomedical Research, Inc.,
xford, Michigan) according to the manufacturer’s
rotocol and expressed as picomole per millimole of
rinary creatinine.23 The intra- and inter-assay %CV

were 4.8% and 5.2%, respectively.

Drug Compliance and Tolerability
Study drugs were handed out and leftovers were

collected in a 28-day interval at study site during the
study period. Compliance was monitored by pill
count adherence, with values ranging from 0% to
100% (0% indicating no adherence and 100% indi-
cating full adherence). Adverse events, including hy-
poglycemia, were recorded at each site visit. Hypo-
glycemia was defined as symptoms or signs of
hypoglycemia, with or without a capillary glucose
value �3.8 mmol/L.

Statistical Analysis
Data are presented as means (SD). Statistical analy-

ses were performed using SPSS version 10.0 (SPSS Inc.,
Chicago, Illinois). We calculated the number of pa-
tients required for each group to provide a statistical
power of 90% to detect a 1.8 mmol/L reduction of
MAGE24 with a 2-sided significance level of 0.05. This
alculation led to a sample size of at least 13 in each
roup. An independent t test was used to compare dif-
erences in baseline clinical and biochemical character-
stics between each group. A paired t test was used to
nalyze the differences of HbA1c, body weight, lipid
rofile, ox-LDL, hs-CRP, total and HMW adiponec-
in, urinary concentration of 8-iso PGF2�, and param-
ters derived from CGM and MTT from baseline to the
nd of the study. Simple linear correlation was per-
ormed to test the relationship between MAGE and
arkers of oxidative stress and �-cell response to PPG
increments. Multiple regression analyses were used to g
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explore the influence of MAGE and other clinical fac-
tors on markers of oxidative stress and �-cell re-
ponse to PPG increments (adjustment for age, sex,
ody mass index, duration of diabetes, fasting
lasma glucose, and HbA1c). P � 0.05 was consid-

ered statistically significant.25

RESULTS
Figure 1 shows the enrollment of study subjects. A total
of 55 patients (mean age, 54 years; males, 47%; mean
body mass index, 25.9 kg/m2; mean duration of diabe-
es, 6.9 years; mean HbA1c, 8.3%) were enrolled and
andomized after 8 weeks of metformin (1500 mg
aily) monotherapy. A total of 29 patients were ran-
omized to receive add-on acarbose for 16 weeks (50
g TID for 4 weeks followed by uptitration to 100 mg
ID for 12 weeks). One patient could not tolerate dose

itration due to abdominal distention. A total of 26
atients were randomized to receive add-on glibencl-
mide for 16 weeks (2.5 mg TID for 4 weeks followed
y uptitration to 5 mg TID for 12 weeks). Six patients
n this group could not tolerate dose titration due to
oncern or symptoms of hypoglycemia. A total of 51
atients completed the study (28 in the acarbose-
reated group, 23 in the glibenclamide-treated group)
nd were included in the analyses. There were no sig-
ificant differences in clinical characteristics between
ach group before randomization (Table I). Patients
eceiving angiotensin-converting enzyme inhibitors,
ngiotensin II receptor blockers, or lipid-lowering
gents (all of these drugs were at a stable dose for at
east 6 months) continued their medication throughout
he study.

Parameters Derived From Data of CGM
and MTT

Table II shows the parameters derived from CGM
and MTT. Mean glucose and glucose AUC signifi-
cantly decreased in the acarbose group (mean glucose:
9.2 [1.6] mmol/L to 7.7 [1.4] mmol/L [P � 0.001];
glucose AUC: 220.9 [45.0] mmol/L/24h to 186.2
[33.8] mmol/L/24h [P� 0.002]) as well as in the glib-
enclamide group (mean glucose: 10.3 [3.0] mmol/L to
8.3 [2.0] mmol/L [P � 0.001]; glucose AUC: 249.1
72.5] mmol/L/24h to 204.4 [51.9] mmol/L/24h [P �
.001]). However, mean glucose range (the difference
etween maximum and minimum glucose values) and
PG IAUC significantly decreased in the acarbose

roup only (glucose range: 12.2 [3.4] mmol/L to 9.2

1935
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[2.8] mmol/L [P � 0.001]; PPG IAUC: 17.2 [6.6]
mol/L/24h to 8.6 [4.2] mmol/L/24h [P � 0.002]).
he duration of hyperglycemia (glucose value �10.0
mol/L) significantly decreased in both groups (acar-
ose: 7.7 [5.5] h/d to 3.6 [4.6] h/d [P � 0.006]; gliben-
lamide: 10.4 [8.3] h/d to 6.2 [5.3] h/d [P � 0.006]),
ut treatment with glibenclamide significantly in-
reased the duration of hypoglycemia (glucose value
3.8 mmol/L) (0.4 [0.8] h/d to 1.1 [1.6] h/d; P � 0.04).
AGE, a parameter of acute glucose fluctuations, was

ignificantly reduced in subjects treated with acarbose
5.6 [1.5] mmol/L to 4.0 [1.4] mmol/L; P � 0.001) but
ot with glibenclamide (6.2 [2.8] mmol/L to 6.3 [2.3]
mol/L; P � 0.82).
Data from MTT supported the findings from CGM

Table II). Glucose AUC significantly decreased after
reatment in both groups (acarbose: 40.0 [6.7] mmol/
/3h to 31.3 [5.8] mmol/L/3h [P � 0.001]; glibencl-

Assessed for e

Monotherapy of
daily for 8 

Add on acarbose (50 mg TID for 4 weeks,
uptitrated to 100 mg TID for 12 weeks)
(n = 29; 1 patient could not tolerate dose
titration to 100 mg TID due to abdominal
distention) 

Random

Discontinued intervention (n = 1)
(1 withdrew consent)

28 completed the study

Figure 1. Enrollment of subjects.
mide: 44.6 [12.8] mmol/L/3h to 38.8 [9.1] mmol/L/3h i

1936
P � 0.003]), but glucose IAUC significantly decreased
nly in patients treated with acarbose (15.6 [4.0]
mol/L/3h to 9.7 [3.8] mmol/L/3h; P � 0.001). AUC

and IAUC of insulin did not change significantly in the
acarbose group (AUC of insulin: 668.4 [403.5] pmol/
L/3h to 699.6 [498.2] pmol/L/3h [P � 0.51]; IAUC of
insulin: 522.5 [345.9] pmol/L/3h to 536.3 [416.6]
pmol/L/3h [P � 0.75]) and increased slightly but was
not statistically significant in the glibenclamide group
(AUC of insulin: 671.6 [299.7] pmol/L/3h to 785.6
[383.2] pmol/L/3h [P � 0.15]; IAUC of insulin: 470.4
[233.8] pmol/L/3h to 603.4 [312.4] pmol/L/3h [P �
0.08]). �-cell response to PPG increments, assessed by
he ratio between IAUC of insulin and glucose, signif-
cantly improved only in the acarbose group (35.6
32.2] pmol/mmol to 56.4 [43.7] pmol/mmol; P �
.001). HOMA-� index (40.3 [30.0]% to 50.5

[40.5]%; P � 0.03) and 2-hour postprandial triglycer-

y (N = 550)

Excluded (n = 495)

Did not meet inclusion criteria (450)
Declined to participate (45)

rmin 1500 mg
(n = 55) 

 = 55)

Add on glibenclamide (2.5 mg TID for 4 weeks,
uptitrated to 5 mg TID for 12 weeks) (n = 26;
6 patients could not tolerate dose titration to
5 mg TID due to concern or symptoms of
hypoglycemia)  

Discontinued intervention (n = 3)
(2 withdrew consent and 1 discontinued
due to hypoglycemia)

23 completed the study
ligibilit

 metfo
weeks 

ized (n
de (1.5 [0.6] mmol/L to 1.1 [0.5] mmol/L; P � 0.001)
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also improved only after treatment with acarbose.
There was no significant change in HOMA-IR in either
group (acarbose: 3.0 [1.4] to 3.2 [2.9] [P � 0.61];
libenclamide: 4.8 [3.9] to 3.7 [2.7] [P � 0.11]).

Changes In HbA1c, Body Weight, Lipid Profiles,
and Parameters of Oxidative Stress

As shown in Table III, HbA1c significantly improved
fter treatment in both groups (acarbose: from 8.2
0.8]% to 7.5 [0.8]% [P � 0.001]; glibenclamide: 8.6
1.6]% to 7.4 [1.2]% [P � 0.001]), whereas body
eight decreased slightly but significantly after treat-
ent with acarbose (69.8 [9.9] kg to 68.3 [10.4] kg;
� 0.002). There were no significant changes in total

holesterol (acarbose: 4.6 [0.9] mmol/L to 4.4 [0.7]
mol/L [P � 0.23]; glibenclamide: 4.4 [0.8] mmol/L to
.1 [0.9] mmol/L [P � 0.12]) and LDL-C (acarbose:
.7 [0.8] mmol/L to 2.6 [0.7] mmol/L [P � 0.43]; glib-
nclamide: 2.5 [0.7] mmol/L to 2.4 [0.7] mmol/L [P �
.21]) in either group. However, there was a significant
ecrease in HDL-C in the glibenclamide group (1.3
0.3] mmol/L to 1.2 [0.2] mmol/L; P � 0.007) and a
ignificant decrease in fasting triglyceride in the acar-
ose group (1.2 [0.4] mmol/L to 0.9 [0.3] mmol/L; P �
.004). Total and HMW adiponectin significantly in-
reased after treatment with acarbose (total adiponec-

Table I. Characteristics of study subjects. Data given

Characteristic Aca

No. of patients 2
Age, y 52.8 (
Female sex, % 4
Duration of diabetes, y
BMI, kg/m2 25.9 (
Systolic blood pressure, mm Hg 129 (
Diastolic blood pressure, mm Hg 79 (
Serum creatinine, �mol/L 73.0 (
FPG, mmol/L 8.2 (
HbA1c, % 8.2 (
Medication

ACEI/ARB, % 3
Statin/fibrate, % 4

ACEI � angiotensin-converting enzyme inhibitors; ARB � a
fasting plasma glucose; HbA1c � glycosylated hemoglobin.
in: 4.2 [2.1] �g/mL to 4.9 [2.3] �g/mL [P � 0.01]; (

December 2011
MW adiponectin: 1.7 [0.9] �g/mL to 2.3 [1.2] �g/mL
[P � 0.002]). In markers of oxidative stress, there was

significant increase in ox-LDL (242.4 [180.9] ng/mL
o 470.7 [247.3] ng/mL; P � 0.004) and urinary excre-
ion rates of 8-iso PGF2� (121.6 [39.6] pmol/mmol
reatinine to 152.5 [41.8] pmol/mmol creatinine; P �

.03) in the glibenclamide group. These markers did
ot change significantly after treatment with acar-
ose (ox-LDL: 254.4 [269.1] ng/mL to 298.5
249.8] ng/mL [P � 0.62]; 8-iso PGF2�: 117.9 [58.1]

pmol/mmol creatinine to 137.8 [64.4] pmol/mmol
creatinine [P � 0.12]).

Patients were divided into 2 groups according to
HbA1c values at the end of study for post hoc analyses.
Nine patients in each group had HbA1c �7.0% after
treatment (32.1% in the acarbose group and 39.1% in
the glibenclamide group without intergroup differ-
ence). The increase of ox-LDL and decrease of HDL-C
in the glibenclamide group were significant only in pa-
tients with HbA1c �7.0% at the end of study (ox-LDL:
12.1 [52.8] ng/mL to 444.0 [71.9] ng/mL [P �

.017]; HDL-C: 1.26 [0.25] mmol/L to 1.18 [0.22]
mol/L [P � 0.028]). In the acarbose group, ox-LDL

nd HDL-C did not change significantly, even in pa-
ients whose HbA1c was �7.0% at the end of study

ean (SD) unless noted otherwise.

Glibenclamide P

23
54.7 (8.3) 0.40

56.5 0.48
6.0 0.22

25.3 (3.8) 0.47
128 (16) 0.77

75 (9) 0.16
68.4 (18.5) 0.49

9.0 (3.0) 0.23
8.6 (1.6) 0.24

34.8 0.84
39.1 0.78

ensin II receptor blockers; BMI � body mass index; FPG �
as m

rbose

8
8.2)
6.4
7.6
3.0)
17)
11)
26.8)
1.2)
0.8)

2.1
2.9

ngiot
ox-LDL: 258.4 [72.8] ng/mL to 330.2 [72.8] ng/mL

1937
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[P � 0.499]; HDL-C: 1.28 [0.29] mmol/L to 1.24
0.24] mmol/L [P � 0.245]).

Relationships Between MAGE and Markers
of Oxidative Stress and �-Cell Response to
Increment of PPG

No significant correlation was found between
MAGE and markers of oxidative stress by simple linear
correlation. However, a significant correlation was
found between MAGE and �-cell response to PPG in-
crements. As shown in Figure 2, nonlinear regression
analysis revealed that �-cell response to PPG incre-
ments was negatively correlated with MAGE (r �
0.570, P � 0.001). The negative correlation between
�-cell response and MAGE remained significant when
analysis was performed separately for the 2 treatment
groups (acarbose: r � 0.424, P � 0.031; glibencl-
mide: r � 0.656, P � 0.001). Multiple regression

Table II. Parameters derived from continuous glucos
given as mean (SD).

Acarbo

Before

CGM data
Mean glucose, mmol/L 9.2 (1.6)
Mean glucose range, mmol/L 12.2 (3.4)
Glucose AUC, mmol/L/d 220.9 (45.0) 1
Postprandial glucose IAUC, mmol/L/3h 17.2 (6.6)
Duration of hyperglycemia*, h/d 7.7 (5.5)
Duration of hypoglycemia†, h/d 0.1 (0.2)
MAGE, mmol/L 5.6 (1.5)

MTT-derived parameters
AUCglucose, mmol/L/3h 40.0 (6.7)
IAUCglucose, mmol/L/3h 15.6 (4.0)
AUCinsulin, pmol/L/3h 668.4 (403.5) 6
IAUCinsulin, pmol/L/3h 522.5 (345.9) 5
IAUCinsulin/IAUCglucose, pmol/mmol 35.6 (32.2)
HOMA-IR 3.0 (1.4)
HOMA-�, % 40.3 (30.0)
Postprandial triglycerides‡, mmol/L 1.5 (0.6)§

HOMA � homeostasis model assessment; IAUC � increme
glycemic excursions.
*Hyperglycemia sensor glucose value �10 mmol/L.
†Hypoglycemia sensor glucose value �3.8 mmol/L.
‡Postprandial triglycerides measured 2 hours after MTT.
§P � 0.05 versus glibenclamide group.
analyses were performed to assess the effects of

1938
MAGE and other clinical factors, including age,
weight, body mass index, duration of diabetes, and
HbA1c, on markers of oxidative stress and �-cell
response. We found that only MAGE was indepen-
dently associated with �-cell response to PPG incre-

ents (r2 � 0.331, P � 0.001).

Drug Adherence and Adverse Events
Pill count adherence was 83.6% (range: 79.7%–

87.5%) in the acarbose group and 87% (range:
81.7%–92.2%) in the glibenclamide group. The most
frequently reported adverse event in the acarbose
group (29 randomized patients) was abdominal dis-
tension (13.8%). Other adverse events included low
back pain (3.4%) and arthralgia (6.9%). No hypo-
glycemia was reported in the acarbose group. The
most frequently reported adverse event in the glib-
enclamide group (26 randomized patients) was hy-

itoring (CGM) and meal tolerance test (MTT). Data

� 28) Glibenclamide (n � 23)

er P Before After P

1.4) 0.001 10.3 (3.0) 8.3 (2.0) �0.001
2.8)§ 0.001 11.9 (2.8) 12.5 (3.8) 0.40
33.8) 0.002 249.1 (72.5) 204.4 (51.9) 0.001
4.2)§ �0.001 17.7 (9.0) 17.6 (9.1) 0.98
4.6) 0.006 10.4 (8.3) 6.2 (5.3) 0.006
1.1) 0.07 0.4 (0.8) 1.1 (1.6) 0.04
1.4)§ �0.001 6.2 (2.8) 6.3 (2.3) 0.82

5.8)§ �0.001 44.6 (12.8) 38.8 (9.1) 0.003
3.8)§ �0.001 17.7 (6.3) 17.3 (5.7) 0.71
498.2) 0.51 671.6 (299.7) 785.6 (383.2) 0.15
416.6) 0.75 470.4 (233.8) 603.4 (312.4) 0.08
43.7)§ 0.001 27.9 (17.6) 36.5 (24.2) 0.12
2.9) 0.61 4.8 (3.9) 3.7 (2.7) 0.11
40.5) 0.03 53.7 (50.5) 62.9 (34.7) 0.05
0.5)§ �0.001 2.0 (0.9) 1.7 (1.0) 0.14

UC; IR � insulin resistance; MAGE � mean amplitude of
e mon

se (n

Aft

7.7 (
9.2 (

86.2 (
8.6 (
3.6 (
0.5 (
4.0 (

31.3 (
9.7 (

99.6 (
36.3 (
56.4 (

3.2 (
50.5 (

1.1 (

ntal A
poglycemia (23.1%), which led to 1 patient with-
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drawing from the study. Other adverse events
included headache (3.4%), arthralgia (3.4%), and
abdominal distension (3.4%).

Table III. Change of glycosylated hemoglobin (HbA1

oxidative stresses. Data given as mean (SD

Acarbose (n �

Before Afte

HbA1c, % 8.2 (0.8) 7.5 (0
Weight, kg 69.8 (9.9) 68.3 (1
Total cholesterol, mmol/L 4.6 (0.9) 4.4 (0
LDL cholesterol, mmol/L 2.7 (0.8) 2.6 (0
HDL cholesterol, mmol/L 1.2 (0.2) 1.2 (0
Triglycerides, mmol/L 1.2 (0.4) 0.9 (0
Oxidized LDL, ng/mL 254.4 (269.1) 298.5 (2
High-sensitivity CRP, mg/L 1.4 (1.2) 1.4 (1
8-iso PGF2�, pmol/mmol
creatinine 117.9 (58.1) 137.8 (6
Total adiponectin, �g/mL 4.2 (2.1) 4.9 (2
HMW adiponectin, �g/mL 1.7 (0.9) 2.3 (1

CRP � C-reactive protein; HMW � high molecular weight;
*P � 0.05 versus glibenclamide group.
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Figure 2. The relationship between �-cell re-
sponse to postprandial glucose incre-
ments and mean amplitude of glycemic
excursions (MAGE) in all subjects after
completion of treatment (r � 0.570;
P � 0.001). IAUC � incremental AUC.
December 2011
DISCUSSION
Using CGM we suggest that both acarbose and gliben-
clamide reduced mean glucose values and duration of
hyperglycemia in this select population of adult Tai-
wanese patients with T2DM inadequately controlled
by metformin, and, in line with the aforementioned
findings, HbA1c improved in both groups. However,
only acarbose reduced glucose range, PPG IAUC, and
MAGE without significant increase of duration of hy-
poglycemia. Body weight did not change in patients
treated with glibenclamide but decreased significantly
in those treated with acarbose. The effects of acarbose
and glibenclamide on HbA1c, body weight, and hypo-
glycemia from our results were consistent with a recent
review,26 which reported that when added to maximal

etformin therapy (�1500 mg daily), both �-glucosi-
dase inhibitors and sulfonylureas significantly reduced
HbA1c but the former had favorable effects on body

eight and risk of hypoglycemia.
Glycemic excursions, assessed by MAGE from

GM, had been reported to be positively correlated
ith parameters of oxidative stress in T2DM patients.8

However, it is still to be proven whether a decrease in
MAGE by OADs leads to a reduction in oxidative

ody weight, fasting lipid profiles, and parameters of

Glibenclamide (n � 23)

P Before After P

�0.001 8.6 (1.6) 7.4 (1.2) �0.001
0.002 66.0 (15.4) 66.8 (16.3) 0.10
0.23 4.4 (0.8) 4.1 (0.9) 0.12
0.43 2.5 (0.7) 2.4 (0.7) 0.21
0.11 1.3 (0.3) 1.2 (0.2) 0.007
0.004 1.6 (0.9) 1.6 (1.2) 0.92
0.62 242.4 (180.9) 470.7 (247.3) 0.004
0.91 1.1 (1.2) 1.2 (1.0) 0.81

0.12 121.6 (39.6) 152.5 (41.8) 0.03
0.01 5.9 (3.8) 5.5 (2.7) 0.40
0.002 2.8 (2.5) 2.2 (1.4) 0.18

GF2� � urinary excretion rate of 8-iso prostaglandin F2�.
c), b
).

28)

r

.8)
0.4)
.7)
.7)
.2)
.3)*
49.8)
.5)

4.4)
.3)
.2)

8-iso P
stress. In the present study, decreases in HbA1c and
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MAGE in patients treated with acarbose did not lead to
a reduction in ox-LDL and 8-iso PGF2� urinary excre-
ion rates, both of which were even higher after treat-
ent with glibenclamide. In accordance with our find-

ngs, Monnier et al24 also reported recently that add-on
OADs to metformin monotherapy in patients with
T2DM resulted in a decrease in HbA1c and MAGE but
no change in urinary excretion rates of 8-iso PGF2�.
Indeed, our data suggest that treatment with glibencl-
amide had no effect on MAGE, but that oxidative
stress, measured by ox-LDL and 8-iso PGF2� urinary
excretion rates, increased despite a decrease in HbA1c.
Fluctuation in glucose has a deleterious effect on oxi-
dative stress,7 which could explain the increase of ox-
dative stress under the condition of persistent eleva-
ion of MAGE in patients treated with glibenclamide.
n contrast, MAGE was reduced and oxidative stress
id not change in the acarbose-treated group despite
bA1c levels similar to the glibenclamide-treated

roup. These findings suggest that in addition to
bA1c, glycemic excursion should be an important tar-

get of treatment in diabetes management.
HOMA-IR index did not change significantly in ei-

ther group, and this finding was consistent with a pre-
vious study.27 HOMA-� index and �-cell response to
PPG increments improved significantly after treatment
with acarbose but not with glibenclamide. It had been
previously reported that glycemic variability correlates
with postprandial �-cell function in T2DM patients
reated with OADs.28 Our findings from MTT indicat-
ng that �-cell response to PPG increments was nega-
ively correlated with MAGE were compatible with the
revious report.28 We assume that the improvement of

HOMA-� index and �-cell response to PPG increments
in patients treated with acarbose can be explained by
significant decrease of MAGE after treatment.

We reported that HDL-C decreased after treatment
with glibenclamide, especially in patients who had an
HbA1c level �7.0% at the end of study. HDL-C did not
change significantly in the acarbose-treated group.
Postprandial hyperglycemia was reported to be closely
associated with adverse lipid profiles, including de-
creases in HDL-C and increases in triglyceride, in an
Asian population.29 MAGE and incremental PPG did
ot improve significantly in the glibenclamide-treated
roup, which may partly explain the adverse change of
ipid profiles. In acarbose-treated patients, MAGE and
ncremental PPG, as well as fasting and postprandial

riglyceride levels, improved significantly. A decrease i

1940
n fasting and postprandial triglyceride levels and an
ncrease in total and HMW adiponectin after treat-
ent with acarbose are consistent with previous re-
orts.30,31 Postprandial hyperglycemia may be associ-
ted with a decrease in serum adiponectin level. For
xample, one study reported a decrease in HMW adi-
onectin after oral glucose load in subjects with nor-
al glucose tolerance and impaired fasting glucose.32

Another study reported that hyperglycemia, especially
intermittent hyperglycemia, decreased adiponectin
production in adipocytes through mitochondrial su-
peroxide overproduction.33 In a group of obese sub-
ects, plasma concentration of adiponectin was nega-
ively correlated with fasting insulin and 2-hour
lucose concentration.34 Taken together, a significant
ecrease in MAGE and improvement of postprandial
yperglycemia after treatment with acarbose may
artly explain the increase of adiponectin, which did
ot change significantly in subjects treated with
libenclamide.

There are some limitations in our study. First, the
evice for CGM had upper and lower glucose limits of
.2 and 22.2 mmol/L, respectively; a glucose value out-
ide this range would result in an underestimation of

AGE. Second, small sample size and the inclusion/
xclusion criteria of this open-label study may limit the
eneralizability of our results. Finally, urinary 8-iso
GF2� were measured in morning urine samples15 in-

stead of 24-hour urine samples. It had been reported
that there were no differences in urinary levels of 8-iso
PGF2� between morning and 24-hour urine samples,35

and this may have little effect on our results.

CONCLUSIONS
In this select population of adult Taiwanese patients
with T2DM inadequately controlled by metformin,
add-on acarbose or glibenclamide significantly reduced
HbA1c. However, treatment with acarbose decreased
MAGE, body weight, and serum triglyceride, and in-
creased serum adiponectin without significant effect on
oxidative stress. Treatment with glibenclamide had no
statistically significant effect on MAGE but increased
oxidative stress and decreased HDL-C. �-cell response
o PPG increments significantly improved after treat-
ent with acarbose and was negatively correlated with
AGE. Whether a decrease in glycemic excursion af-

er treatment with OADs leads to a decrease in oxida-
ive stress in patients with T2DM warrants further

nvestigation.
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