
Acarbose treatments improve arterial stiffness in
patients with type 2 diabetes mellitus
Hiroyasu Uzui*, Akira Nakano, Yasuhiko Mitsuke, Toru Geshi, Junji Sakata, Katsuhiko Sarazawa, Tetsuji Morishita,
Takehiko Satou, Kentarou Ishida, Jong-Dae Lee

ABSTRACT

Aims/Introduction: Although the improvement of postprandial hyperglycemia by an alpha-glucosidase inhibitor (a-GI) has been
associated with a risk reduction of cardiovascular events, the relationship between postprandial hyperglycemia and arterial stiffness
has not been well understood. We therefore examined whether ameliorating the postprandial state by a-GI leads to an improvement
in arterial stiffness.
Materials and Methods: A total of 22 patients with type 2 diabetes mellitus were treated with acarbose. Cardio-ankle vascular
index (CAVI) as the arterial stiffness was measured by using a VaSera CAVI instrument before and 12 months after acarbose treatment.
Serum high-sensitivity C-reactive protein (hs-CRP), pentraxin-3 (PTX3) and matrix metalloproteinase (MMP) -2, -9 were measured at
the same time points. Furthermore, circulating peripheral blood mononuclear cells were examined for the frequencies of CD14
positive cells expressing membrane type-1 MMP (MT1-MMP) at the single cell level using flow cytometry.
Results: After acarbose treatment, postprandial glucose and glycosylated hemoglobin (HbA1c) were significantly decreased. Serum
levels of hs-CRP, PTX3, MMP-2 and MMP-9 were significantly decreased. CAVI showed a significant reduction, although the changes
were not significant in blood pressure and heart rate. MT1-MMP expression was significantly decreased by acarbose treatment. In
multivariate analysis, improvement of blood glucose, decrease of PTX3 levels and MT1-MMP expression were independent predictors
of beneficial change in CAVI.
Conclusions: The present study showed that the beneficial effects of acarbose on arterial stiffness are mediated by an improvement
of postprandial hyperglycemia and vascular remodeling markers. In conclusion, acarbose treatment might reduce the risk of
cardiovascular diseases by altering the arterial stiffness in postprandial hyperglycemic status. (J Diabetes Invest, doi: 10.1111/j.2040-
1124.2010.00079.x, 2011)
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INTRODUCTION
Diabetic patients are thought to be at higher risk for ischemic
heart diseases, such as myocardial infarction and angina pecto-
ris, than non-diabetic patients.1 The aims of medical treatment
of diabetes are to maintain the same quality of life and to
ensure the same life expectancy as healthy individuals. In partic-
ular, it is important to prevent complications and the progres-
sion of the disease. Microangiopathy, such as retinopathy and
nephropathy, is correlated with long-term chronic hyperglyce-
mia.2 In contrast, patients with impaired glucose tolerance
(IGT), a stage just before the diagnosis of diabetes, particularly
those with postprandial hyperglycemia, have a higher risk of
developing macrovascular events, such as acute coronary syn-
drome. Because the correlation between postprandial hypergly-
cemia and an increased risk of macrovascular events has been

shown by the Diabetes Epidemiology: Collaborative analysis of
Diagnostic criteria in Europe (DECODE) study3 and the Funag-
ata Diabetes Study,4 postprandial blood glucose levels are newly
considered to play an important role in the management of dia-
betes mellitus, in addition of conventional parameters, such as
fasting blood glucose and glycosylated hemoglobin (HbA1c) lev-
els. This mechanism might involve the unstable arteriosclerotic
plaque associated with postprandial hyperglycemia, such as
impaired vascular endothelial function, increased oxidative stress
and increased insulin resistance. It is also reported that apopto-
sis of human umbilical vein endothelial cells were more mark-
edly enhanced by a transient, intermittent hyperglycemic
condition (i.e. postprandial hyperglycemic condition) than a
persistent hyperglycemic condition, suggesting that management
of transient hyperglycemia helps inhibit atherosclerosis progres-
sion.5 The STOP-NIDDM study involving individuals with
IGT6 and the Meta-analysis of Risk Improvement Under Acar-
bose (MeRIA) study involving type 2 diabetic patients7 have
shown that the alpha-glucosidase inhibitor (a-GI), acarbose,
used in the treatment of postprandial hyperglycemia is helpful
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in reducing the incidence of major cardiovascular events, in
particular, acute coronary syndrome. Among vascular remodel-
ing markers and pro-inflammatory cytokines, matrix metallo-
proteinases (MMP), high sensitivity C-reactive protein (hs-CRP)
are considered as important factors involved in plaque destabili-
zation.8 It has been reported that high glucose conditions alter
MMP expression in atherosclerosis related cells9,10 and serum
hs-CRP levels.11

The progression of large-artery atherosclerosis is correlated
with glycemic control in patients with diabetes mellitus and is
deeply involved in the prognosis of the disease. To evaluate arte-
riosclerotic risk factors, carotid artery echography is used for the
evaluation of atherosclerotic characterization, such as intima-
media complex thickness and plaque properties, and pulse wave
velocity (PWV) is used for the evaluation of arterial wall stiff-
ness or arterial stiffness.12 PWV of the aorta (elastic artery)
independently reflects risk markers for the occurrence of organ
damage and cardiovascular disease, and a measure of arterial
stiffness reflects arterial elasticity or stiffness, allowing early eval-
uation of arteriosclerosis.13 Although diabetes increases arterial
stiffness, independently of aging and hypertension, and this arte-
rial stiffness is highly associated with a post-challenge hypergly-
cemic spike, but not fasting glucose level,14 its etiology and
pathology have not yet been fully elucidated and it remains to
be determined how the control of postprandial hyperglycemia
might influence arterial stiffness.

The present study was designed to determine how acarbose
used in the treatment of postprandial hyperglycemia influenced
arterial stiffness in patients with type 2 diabetes mellitus.

MATERIALS AND METHODS
The inclusion criteria for the present study were: both male and
female outpatients aged 20 years and older with type 2 diabetes
mellitus, occasional or 2-h postprandial blood glucose levels of
200 mg/dL or higher, and HbA1c levels between 6.5 and 8.0%.
There were 22 patients in the present study. Four of the patients
(18%) were pre-treated with another a-GI (voglibose) and
stopped voglibose before acarbose starting. The other 18 patients
were treated with no anti-diabetic drugs. The following types of
patients were excluded from the study: (i) patients receiving oral
anti-diabetic drugs other than a-GI; (ii) those treated with insu-
lin; (iii) those with a history of severe ketosis, diabetic coma or
precoma, serious hepatic or renal dysfunction, severe infection
or severe injury and perioperative patients; (iv) those with a his-
tory of sensitivity to acarbose; (v) those who are pregnant or are
likely to be pregnant; and (vi) those judged by the attending
physician to be unable to be included in the study. After the
purpose and method of the present study were explained to the
patients, they provided informed consent for the participation in
this study.

Measurement parameters were: blood glucose levels, HbA1c

levels, hs-CRP, pentraxin 3 (PTX3), MMP-2, MMP-9, tissue
inhibitor of matrix metalloproteinase (TIMP)-1 and TIMP-2.
An immunological latex turbidimetry method was used for the

measurement of hs-CRP. MMP-2, MMP-9, TIMP-1 and
TIMP-2 were quantified using an enzyme-linked immuno-
sorbent assay (ELISA) kit (Daiichi Fine Chemical, Toyama,
Japan). The expression of membrane type-1 matrix metallo-
proteinase (MT1-MMP) in peripheral blood mononuclear cells
(PBMNC) was determined on a FACScan flow cytometer
(Becton Dickinson, Franklin Lakes, NJ, USA) using leukocytes
from the heparinized whole blood. MT1-MMP expression was
defined as the proportion of MT1-MMP-positive cells in CD14-
positive cells (Figure 1). Blood samples for measurements of all
previous listed values were obtained from the cubital vein 2 h
after breakfast or lunch.

After a 10-min rest in the supine position, the cardio-ankle
vascular index (CAVI), a parameter of arterial stiffness, was
measured by VaSera VS-1000 (Fukuda Denshi, Tokyo, Japan),
a device for measuring blood pressure and pulse waves.
Eating, drinking and smoking just before the tests were
forbidden.

Acarbose was given at an initial dose of 50 mg three times
daily just before meals to avoid intestinal side-effects. The dose
was increased to 100 mg three times daily after the tolerability
was confirmed. In principle, concomitant use of other anti-
diabetic drugs was not allowed. As for other drugs, the dosing
regimen was maintained in principle. The duration of acarbose
therapy was 12 months. Serological tests were carried out, and
CAVI was measured at baseline and after the completion of the
treatment.

Statistical Analysis
All measured values were expressed as the mean ± standard
deviation. A paired t-test was used to compare the difference in
each parameter at baseline and after the completion of the treat-
ment. Univariate and multivariate analysis of linear regression
were carried out to identify the correlation between the change
in CAVI and the changes in blood glucose, HbA1c, hs-CRP,
PTX3, MMP-2, MMP-9, TIMP-1, TIMP-2 and MT1-MMP.
A P-value <0.05 was considered statistically significant.

RESULTS
Patients’ Clinical Characteristics
A total of 22 patients with type 2 diabetes (mean age,
67 ± 8 years; 68% male) were studied. The mean duration of
diabetes mellitus was 5.9 ± 10 years, and cardiovascular risk fac-
tors included hypertension (45%), dyperlipidemia (27%) and
smoking (18%; Table 1). All patients designated to the acarbose-
treatment group continued taking 100 mg acarbose three times
a day during the trial after an initial low dose of acarbose
(150 mg daily) for a few weeks.

Changes in Glucose Parameters After Acarbose Treatment
After treatment of acarbose for 12 months, 2-h postprandial
glucose levels and HbA1c were significantly decreased (from
210 ± 23 to 141 ± 38 mg/dL; P = 0.0018 and from 7.6 ± 0.5 to
6.5 ± 0.4%; P = 0.011, respectively; Table 2).
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Acarbose Treatment Reduces Gelatinolytic Activity and
Inflammatory Cytokines
Some of the patients had gastrointestinal symptoms, such as flat-
ulence or abdominal distension, during the first few weeks of
therapy, but those were tolerable in all patients. There were no
hypoglycemic events or liver dysfunction in any cases during the
study. The changes in serum levels of gelatinolytic activity, CRP
and PTX3 are shown in Table 1. After 12 months of acarbose
treatment, MMP-2 and MMP-9 were significantly decreased
(from 837 ± 118 to 731 ± 89 ng/mL; P = 0.024 and from
36.3 ± 8.1 to 28.1 ± 6.2 ng/mL; P = 0.048, respectively), but
there were no significant changes in TIMP-1 and TIMP-2 levels
(Table 3). Similarly, hs-CRP and pentraxin-3 levels were signifi-
cantly decreased (from 2.21 ± 0.86 to 1.49 ± 0.64 mg/L; P =
0.042 and from 2.47 ± 0.31 to 1.90 ± 0.21 ng/mL; P = 0.0012,
respectively; Table 3). Furthermore, we evaluated the expression
of MT1-MMP on PBMNC from patients and found a significant
decrease after acarbose treatments (from 34.0 ± 3.6 to 27.4 ±
4.1%; P = 0.043; Figure 2a).

Effects of Acarbose on Change of Arterial Stiffness (CAVI)
As in Figure 2b, a significant reduction in CAVI was shown
(from 9.44 ± 0.36 to 8.98 ± 0.28; P = 0.031), although the

changes were not significant in blood pressure and heart rate
(Figure 2b).

The univariate predictors of changes in CAVI are listed in
Table 3. A significant association was found in change of blood
glucose, PTX3, MMP-2, MMP-9 and MT1-MMP. Furthermore,
with a multivariate procedure, improvement of blood glucose,
decrease of PTX3 levels and MT1-MMP expression were inde-
pendent predictors of beneficial change in CAVI (Table 3).

DISCUSSION
In the present study, acarbose used in the treatment of post-
prandial hyperglycemia improved arterial stiffness in patients
with type 2 diabetes mellitus. PWV of the aorta (elastic artery)
is known to independently reflect risk factors, such as arterial
elasticity and stiffness, for the occurrence of organ damage and
cardiovascular disease, which allows the progression of arterio-
sclerosis to be evaluated early.13 Cruickshank et al.15 reported
that there is a correlation between impaired vascular function
and mortality in diabetic patients, and aortic PWV is markedly
higher in diabetic patients than in healthy subjects. There are
other reports stating that a transient increase in blood glucose
levels increases PWV in patients with type 1 diabetes and that
transient hyperglycemia during an oral glucose tolerance test is
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Figure 1 | Membrane type-1 matrix metalloproteinase (MT1-MMP) expression on peripheral blood mononuclear cells. Flow cytometry analysis was
carried out on the whole blood samples. Monocyte phenotype was determined by flow cytometry with gating on CD14 positive cells. Surface
expression of MT1-MMP was estimated by the frequencies of CD14 positive cells expressing MT1-MMP at the single cell level. FL2, fluorescence 2;
FSC, forward scatter.
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associated with higher CAVI values, suggesting that high blood
glucose levels aggravated vascular function.14,16 The mechanism
by which the hyperglycemic condition aggravates vascular func-
tion might involve impaired endothelial function, aggravation of
inflammatory markers and hypercoagulation/hyperfibrinolysis.
This mechanism also explains how postprandial hyperglycemia
is involved in the occurrence of cardiovascular events, suggesting

that the control of postprandial hyperglycemia greatly contrib-
utes to the reduction of these events. In the present study,
patients with postprandial hyperglycemia associated with higher
values of CAVI (an index of arterial stiffness) were treated with
acarbose, and their postprandial hyperglycemia was well con-
trolled, thereby improving arterial stiffness. The improvement of
postprandial hyperglycemia was also associated with a decrease
in the serum levels of inflammatory markers, such as hs-CRP
and PTX3, and a decrease in the serum levels of MMP-2 and
MMP-9, which play a role in vascular remodeling and plaque
instability.17 The results of the present study supported the find-
ings that acarbose therapy is useful for the management of post-
prandial hyperglycemia in patients with type 2 diabetes mellitus,
contributing to the reduction of blood levels of pro-inflamma-
tory cytokines and the improvement of risk factors for arterio-
sclerosis, and ultimately improving arterial stiffness.

In the present study, acarbose resulted in the improvement of
arterial stiffness. Because acarbose given orally is rarely absorbed
from the gastrointestinal system, it is hard to imagine that acar-
bose would directly affect arterial stiffness. With a multivariate
procedure, change of blood glucose and PTX3 were independent
predictors of improvement of arterial stiffness after acarbose
treatment (Table 3). These improvements of blood glucose and
PTX3 induced by acarbose treatments probably contribute to
the improvement of arterial stiffness. Because we have no data
about other a-GI, it is far from convincing that acarbose can
decrease the inflammation directly. It at least partly might be
the additional effects of acarbose beyond glucose-lowering. Kato
et al.18 reported that acarbose has more beneficial effects on
endothelial function beyond the improvement in glycaemic con-
trol, rather than the glinide drugs. Furthermore, previous reports
have shown that acarbose-induced improvement of metabolic
status might reduce blood pressure,19 and acarbose treatment

Table 1 | Changes of patients’ data

Acarbose P-value

Before
12 months
later

n (male/female) 22 (15/7)
Age (years) 67 ± 8
Duration of DM (years) 5.9 ± 10
Coronary risk factor

Hypertension, n (%) 10 (45)
Dyslipidemia, n (%) 6 (27)
Smoking history, n (%) 4 (18)

Medication
Statin, n (%) 5 (23)
ARB/ACE-I, n (%) 7 (32)
b-blocker, n (%) 2 (9)

Creatinine, mg/dL 0.94 ± 0.21 0.98 ± 0.26 0.41
BMI (kg/m2) 23.4 ± 6.2 23.3 ± 6.7 0.52
Blood pressure (mmHg)

Systolic 134 ± 4 132 ± 8 0.43
Diastolic 74 ± 8 74 ± 5 0.27

Heart rate (bpm) 66 ± 8 65 ± 9 0.61
Postprandial glucose (mg/dL) 203 ± 42 141 ± 22 0.017
HbA1c (%) 7.6 ± 0.5 6.5 ± 0.4 0.011
LDL cholesterol (mg/dL) 127 ± 24 122 ± 29 0.35
HDL cholesterol (mg/dL) 45 ± 18 51 ± 14 0.42
Triglyceride (mg/dL) 154 ± 42 148 ± 35 0.23

ARB, angiotensin-II receptor blocker; ACE-I, angiotensin converting
enzyme inhibitor; BMI, body mass index, DM, diabetes mellitus;
HbA1c, glycosylated hemoglobin; HDL, high-density lipoprotein; LDL,
low-density lipoprotein.

Table 2 | Changes of gelatinolytic activity and inflammatory cytokines
data

Acarbose P-value

Before 12 months later

MMP-2, ng/mL (CV%) 837 ± 118 (11) 731 ± 89 (12) 0.024
TIMP-2, ng/mL (CV%) 82 ± 11 (13) 85 ± 18 (21) 0.32
MMP-9, ng/mL (CV%) 36.3 ± 8.1 (22) 28.1 ± 6.2 (22) 0.048
TIMP-1, ng/mL (CV%) 133 ± 13 (10) 153 ± 37 (24) 0.16
hs-CRP, mg/L (CV%) 2.21 ± 0.86 (39) 1.49 ± 0.64 (43) 0.042
Pentraxin-3, ng/mL

(CV%)
2.47 ± 0.31 (13) 1.90 ± 0.21 (11) 0.0013

hs-CRP, high-sensitivity C-reactive protein; MMP, matrix metalloprotein-
ase; TIMP, tissue inhibitor of matrix metalloproteinase.

Table 3 | Predictors of change in cardio-ankle vascular index

P-value

Univariate Multivariate

Age 0.57
Sex 0.84
Baseline BMI 0.51
D Blood glucose 0.0082 0.026
D HbA1c 0.12
D hs-CRP 0.036 0.28
D Pentraxin-3 0.0011 0.0068
D MMP-2 0.018 0.42
D TIMP-2 0.52
D MMP-9 0.012 0.15
D TIMP-1 0.48
D MT1-MMP 0.010 0.041

BMI, body mass index; HbA1c, glycosylated hemoglobin; hs-CRP,
high-sensitivity C-reactive protein; MMP, matrix metalloproteinase;
MT1-MMP, membrane type-1 matrix metalloproteinase; TIMP, tissue
inhibitor of matrix metalloproteinase.

ª 2010 Asian Association for the Study of Diabetes and Blackwell Publishing Asia Pty Ltd Journal of Diabetes Investigation Volume 2 Issue 2 April 2011 151

Acarbose improves arterial stiffness



delays progression of intima-media thickness of the common
carotid arteries compared with placebo, even after a reduction of
glucose20.

An in vivo study using macrophages showed that a chronic
hyperglycemic condition promotes the production of MMP as a
result of chronic inflammation.10 However, such an increased
production of MMP was reportedly to be due to a transient

increase in blood glucose levels, but not due to a chronic hyper-
glycemic condition, suggesting the correlation between a tran-
sient increase in blood glucose levels and the occurrence of
cardiovascular events.21 The present study showed that acarbose
therapy not only improved postprandial hyperglycemia, but also
reduced serum levels of MMP in the clinical setting. Expression
of adhesion molecules associated with transient hyperglycemia
reportedly plays an important role in upregulating the produc-
tion and activity of MMP. In addition, MT1-MMP expression
on the PBMNC has been investigated. There are studies investi-
gating the correlation between MT1-MMP expression and
unstable atherosclerotic plaques in humans and knockout
mice.22,23 We have previously shown that macrophages accumu-
late in the shoulder region prone to plaque disruption in human
coronary atherosclerotic plaques and MT1-MMP is expressed in
the macrophages,24 and that strong expression of MT1-MMP is
induced in PBMNC by pro-inflammatory cytokines or oxidized
low-density lipoprotein (ox-LDL).25 The present study investi-
gated monocyte surface expression of MT1-MMP and showed
for the first time that such MT1-MMP expression is directly
involved in plaque disruption. A recent study showed, based on
detailed optical coherence tomographic findings of unstable cor-
onary plaques, that monocytes are attached to the surface of the
unstable coronary plaques.26 MT-MMP has a central role in the
MMP activation cascade locally around the cells where MT-
MMP is expressed, activating MMP-2. It is therefore speculated
that the degradation of the extracellular matrix is enhanced on
the surface of the plaque to which monocytes are attached.
More specifically, MMP-2 is a type IV collagenase, an extracellu-
lar matrix degrading enzyme induced by atherogenic cyto-
kines,27,28 leading to an unstable fibrous cap covering the plaque
surface.29 Thus, determining MT1-MMP expression levels on
the monocyte surface is useful for the direct evaluation of unsta-
ble plaque. In the present study, acarbose was effective in reduc-
ing such MT1-MMP expression. The results of the present
study suggested that this drug is useful in stabilizing plaques,
particularly when it is used in the treatment of patients with
postprandial hyperglycemia. In the STOP-NIDDM study and
the MeRIA7 study evaluating the association between the control
of postprandial hyperglycemia and the occurrence of cardiovas-
cular events, acarbose significantly reduced the incidence of
myocardial infarction as a result of unstable plaques. Our data
provide support for the mechanism.

The present study showed that acarbose, used in the treat-
ment of postprandial hyperglycemia in patients with type 2 dia-
betes mellitus, contributes to the reduction of the blood levels of
pro-inflammatory cytokines as well as the improvement of risk
factors for the occurrence of arteriosclerosis.
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Figure 2 | Effects of acarbose on Membrane type-1 matrix metallo-
proteinase (MT1-MMP) expression and arterial stiffness. (a) Circulating
peripheral blood mononuclear cells (PBMNC) from patients with type 2
diabetes mellitus were examined for the frequencies of CD14 positive
cells expressing MT1-MMP at the single cell level using flow cytometry.
The expression of MT1-MMP on PBMNC was significantly decreased by
acarbose treatments. (b) Cardio-ankle vascular index (CAVI) was mea-
sured as the arterial stiffness. Value of CAVI was significantly reduced
after acarbose treatment (from 9.44 ± 0.36 to 8.98 ± 0.28; P = 0.031),
although the changes were not significant in blood pressure and
heart rate.
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